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ABSTRACT 
INTRODUCTION: Heading problems affect a significant proportion of 
children. Causes range from attention deficit disorders to 
-- ·· disrupfion of lnfor matTon ·processing. Attempts have been made to 
classify reading disorders into diagnostic categories such as 
dyslexia, but these class_ifications have been unsatisfactory for a 
number of reasons. In this project, an attempt was made to classify 
children with reading .difficulties based · upon their 
electroencephalographic {EEG) spectra. 
SUBJECTS: Sixty-four subjects participated in this project; all 
' 
were students in grades 3 1hrough 8 at local schools. · On the basis of · 
standardized academic test results, 33 subjects were classified as 
normal (no score below the 40th percentile), 14 were classified as 
having an isolated reading problem (a score below the 40th 
percentile on reading and/or languag.e, and scores above the ·40th 
percentile on math and/or general ability), and 17 were classified as 
having general problems (a score below the 40th percentile on 
reading and/or language, and a score below the 40th percentile on 
math and/or general ability). 
METHODS: . EEG spectra were recorded from electrode sites 'OZ, PZ, 
and C2 during the fifth minute of five tasks: sitting quietly, 
listening to story., reading a story, performing mental arithmetic, 
and copy forms. Spectra were divided into theta, alpha, and beta 
bands. 
RESULTS : Amplitudes of the EEG bands were compared for the three 
subject groups. No statistically significant differences between the 
2 
groups were found. Several individual subjects had spectra 
suggestive of attention de_ficit disorder. 
CONCLUSIONS: Analysis of EEG spectra did not provide a useful 
means ·for-differentiating the three groups, .of subjects .used . in this 
study. It is possible that recording at different electrode sites or 
using different stimulus conditions might have allowed better 
differentiation of the subject groups. 
KEYWOROS 
Reading disorders, reading difficulties, reading problems, reading 
failure, specific reading retardation, general reading ·backwardness, 
dyslexia, word blindness, strephosymbolia, alexia, aphasia, 
electroencephalography, EEG, alpha rhythm, beta rhythm, theta 
rhythm 
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INTRODUCTION 
"it is a riddle wrapped in a mystery inside an enigma" 
- - - - - -~- . -- .-------.. ---~· ·-·- --- -- Sir Winston -Churchill · 
Although Churchill intended · the above quote to describe 
Russia, the country, it serves as a very appropriate modern metaphor 
for reading and learning disorders. 
Reading is a fundamental skiiL tor success in our modern 
technological society. Even though reading is a very dynamic, 
complex, and poorly understood process, most of us take for granted 
how easily and quickly we read with good comprehension. As with 
speech , reading is a language code for communication between 
·people. It requires perceptual mastery of, a set of visual symbols in 
addition to linguistic ability and a medley of other executive 
functions to meaningfully translate information from one modality 
to another. 
Impaired reading ability is recognized as an enormous 
educational, social, and mental health problem. Reading failure is 
the cause for great deal of unrealized human potential and -personal 
misery. It exposes children to frustration, embarrassment , loss of 
self-esteem, as well as devaluation by others. Significant reading 
difficulties that persist into later childhood can result in serious 
emotional and behavioral problems. Over 75%. of juvenile 
delinquents have a history of reading failure. 1 . Reading failure has 
also been reported as the major cause of school drop-out in th is· 
7 
country. Further, reading disability accounts for almost 75% of 
educational learning disability . referrals.2 
During the past three decades, vast human, intellectual, and 
financial--resources have -been irivested in -tl':le study of .. reading 
disorders. Numerous conferences, symposia, journal articles, and 
books have been devoted to the topic. This effort has yielded 
prodigious amounts of data and contradictions, as well as many 
serious theoretical and methodological problems. Despite all of the 
experimental evidence, there is stilt co.osiderable dispute about the 
following questions: Is reading disability a condition or a symptom? 
Is it a single condition or a family of disorders? How is it defined? 
How prevalent is it? Is it inherited or caused by environment? 
Research to date has no1 ·been able to: I) predict reliably in advance 
who is at risk for a specific reading disorder; 2) identify the causal 
antecedents of specific cases; nor 3) develop remedial measures 
that are geared to individual cases .3 
Because so many different disciplines including psychiatry, 
psychology, pediatrics, neurology; speech, education, optometry, and 
sociology, have been involved in the study of reading disorders, there 
exists a cornucopia of hypotheses about the reasons for reading 
failure. Professionals tend to view the problem from their own 
unique perspective of experience, training, and philosophy. Whereas 
educators often are concerned with the sub-skills presumed 
necessary for reading and the quality of instruction, physicians have 
looked for toward anatomical and biological causes, and 
psychologists have searched for emotional and cognitive etiologies 
for reading problems. As a consequence of so many professions 
8 
"owning" the problem, many different labels for it have been 
spawned, .. in addition to many different assessment and management 
approaches. 
A troublesome source or-ars-agreement _among the . protessions 
has been how to label individuals with reading problems. Medically 
oriented investigators have favored labels such ~s "congenital word 
blindness," "strephosymbolia," "alexia," "minimal brain 
dysfunction," "dyslexia," and most recently "developmental 
dyslexia." These terms presume _a _Q_iological or constitutional 
; 
etiology for the disorder. In contrast, educators and psychologists 
have used operationally defined labels such as "reading disability," 
"specific reading disability,n and "reading difficulty."4 These terms 
tend to convey a more external or environmental origin for the 
condition. In addition, the label .used for the disorder varies 
depending upon the country; e.g., in England "general reading · 
backwardness," and "specific reading retardation" have been 
commonly used.s As would be expected, comparing and interpreting 
studies that use different terms is frustrating because there is a 
lack of consistency in the sample populations. 
For the purposes of this review, unspecified reading -failure, 
regardless of possible etiology, will be_ referred to by the "umbrella 
term" oi reading disorder(s). Past studies of specific reading 
problem·s have used many different terms such as reading disabled, 
dyslexics, or developmental dyslexics, to describe their subject 
samples. Because these groups have been so poorly defined, and 
likely overlap , they will be considered as an aggregate for this 
9 
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review, however, the individual classification specified by the 
investigator(s) will be used whenever possible. 
DEFINITION 
Ac-tironic- and vexing pro51enf has been .defining the .condition, 
since there is a lack of consensus about whether it is a symptom, a 
disease, or a variable degree of impairment on a continuum--let 
alone what causes it. Although. the term dyslexia was .coined to 
describe a very specific biological aphasia, it has mutated to 
represent specific reading disability; __ _Lo addition it has been adopted 
I 
by the public at large to signify almost any reading difficulty. Based 
upon scientific evidence and educational practice, two government 
committees in Britain, cited by Rutter, concluded that the term 
"dyslexia" is not susceptible to precise operational definition and 
serves little purpose. s 
The most often cited definition for "specific developmental 
dyslexia" is by the World Federation of Neurology{1 968): 
A disorder manifested by difficulty in learning to read despite 
conventional instruction, adequate intelligence, and socio-cultural 
opportunity. It is dependent upon fundamental cognitive disabilities 
which are frequently of constitutional origin. 5 
This definition has been criticized by many authorities6 s 7 because 
it is imprecise, negative, exclusionary, and assumes a single 
syndrome. For example, what is "conventional instruction," 
"adequate intelligence," or "sociocultural opportunity"? The 
exclusionary phrasing tells us more about what the disorder is not, 
than what it is, l.e., an individual who lacks any of the above cannot 
have "specific developmental dyslexia." Another problem associated 
1 0 
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with this exclusionary diagnosis is that it does not encourage early 
identification of the problem. The child must first experience some 
. academic failure before being diagnosed. 
--A--:-sorriewnar:~5etter defiiiitio-:-n-.-_of dyslexia . is offered by_- Rutter: 
A heterogeneous group of reading disabilities characterized by the fact 
that reading/spelling attainment is far below that expected on the basis of 
the of the child's age or IQ.5 
However, a weakness of both these definitions is that they are based 
upon a discrepancy between reading Ci_9_hievement and IQ and/or age. 
This discrepancy presumes that reading achievement has little · 
influence upon general intellectual ability, but as Kahmi pointed out: 
"10 will also be influenced -by poor reading skills and negative 
· experiences/attributions that may result from the reading 
problem."6 
GENERAL APPROACHES TO DIAGNOSIS · 
If. dyslexia is to troublesome define, then it is even, more 
challenging to diagnose clinically. The three general _ methods of 
diagnosing dyslexia can be categorized as exclusionary~ indirect, and 
direct.s 
Both dyslexia and Alzheimer's are most commonly diagnosed by 
exclusion wherein all other potential causes are first "ruled out." 
Exclusionary criteria may be appropriate for "purifying" research 
samples but there is no reason to believe that dyslexia is less likely 
to afflict those who have low versus high iQs, or those who have had 
inadequate educational or sociocultural experiences. Thus, the 
exclusionary diagnosis method may overlook many dyslexics with 
co-existing conditions. 
1 1 
Indirect diagnosis of dyslexia involves the association of 
"other" performance measu~e~. with reading ability. Using the 
performance profile of the WISC-R in conjunction with reading 
perrormanc~to diagnose -·ayslexiais indirect, just as .is coupHn.g 
reading failure with neurological soft signs such as finger agnosia 
(i.e., Gerstmann's sign the inability to name or . differentiate one's 
own fingers or to imitate finger movements, although there is no 
difficulty in recognizing or naming other body parts). Indirect 
methods are not ideal because they C!$$Ume exact correspondence 
' between reading failure . and (in some cases) only distantly related 
performance measures. For example, clinical investigators have 
found a great variety of soft signs, some of which suggest 
developmental lag and others that indicate a minor degree of 
neurological abnormality, but not all dyslexics manifest these soft 
neurological signs. No one or combination of these signs can be held 
directly resporisibl~ for dyslexia.s 
. Direct diagnosis can be ·thought of as inclusionary and involve 
the actual measurement of a limited number of specific abilities, 
disabilities, or features are · considered as marker variables. 
Examples o1 direct diagnosis would be a diagnosis 'Of dyseidesia 
using the Dyslexia Determination Test. Being able· to directly 
diagnosis the condition has many obvious advantages. Increased 
efficiency and efficacy of diagnosis would free human and financial 
resources for more effective intervention. A valid, reliable method 
. for the direct diagnosis of dyslexia would allow earlier 
identification, without the prerequisite need for academic failure by 
the youngster. 
1 2 
HtSTORICAL BACKGROUND. 
Excellent historical chronologies of dyslexia are provided by 
McManus, 9 Johnson,4 a_nd -Stein.l o' · sased -ontheir -portrayals, the first . 
descriptions of ''word blindne~s" as a specific syndrome were 
reported in · the late 19th ·century by physicians studying aphasias. 
. . 
Aphasia is a coined word that means loss of speech; in the medical 
literature it can represent loss of language, including .reading and 
writing. Broadbent in 1872 described illiterate patients who 
demonstrated verbal aphasias. Kussmaul in 1877 found that 
blindness to words can occur clinically as an isolated condition, 
presumably caused by the "pathological condition of a special 
faculty." Berlin in 1887 introduced the term dyslexia, as a specific 
type. of aphasia, to describe an acquired condition manifesting in a 
group of patients who had great difficulty reading due to cerebral 
disease. Dejerine in 1891 performed an autopsy . on an acquired word 
blindness case and established the anatomical location for "pure 
word blindness" as the left angular gyrus. Morgan in 1896 published 
the first article in the medical literature on congenital word 
blindness in children Hinshelwood in 1895 was the first to 
differentiate pure types of congenital word blindness from those 
who were "mentally defective." As the foremost expert on the 
condition at the time, he discovered that there was often several 
cases within the same family. Hinshelwood was convinced that the 
condition was due to underdevelopment or injury of the supra 
marginal and angular gyri of the left parietal lobe as a result of 
disease, birth injury, or defective embryonic growth. He was the 
1 3 
first physician to recommend a specific instructional approach for 
written language disorders in children. He advocated one-on-one 
teaching using a multisensory approach.s 11 
--- The-c-once-ptual nat!cire--of the- -Co.nditiGn -expanded a great deal 
during the first half of the twentieth century after psychologists 
and educators became interested in the disorder. . A variety of 
perceptual and cognitive disabilities were introduced as factors in 
the genesis of dyslexia. Fildes in 1921 stirred considerable interest 
in the field when she reported that almost all of the poor re-aders in 
her sample were deficient in visual memoty and in the ability to 
' 
discriminate identical figures in different orientations. In addition, 
they were unable to identify minor difference-s in visually presented 
complex figures. She concluded that reading disability was an 
expression of higher visual information processing impairment. A 
serious flaw in her study, and also in many others that were ·to 
follow, was that she did not screen subjects for low 10, extensive 
brain damage, cultural handicap, or lack of educational 
opportunity.12 
The first reports about word blindness in the American 
medicai literature were published by Orton in 1925. He postulated 
that a disturbed sense of visual orientation and "twisted symbols," 
also known as strephosymbolia, was the . core deficit in dyslexia. He 
believed the condition resulted from failure to achieve unilateral 
hemispheric dominance and thus, visuoverbal symbols would not be 
consistently seen in correct directional orientation. Because he . felt 
that both environmental and hereditary factors were causal, he used 
the term "developmental" rather than "congenital" to describe it. 
1 4 
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MODELS 
A dazzling number of theoretical models have been developed 
-- -to- e'xplaln reading -diso-rders.-These models-can arbitrarily be 
grouped several different ways. A common way to divide them is 
into either single-factor theories (unitary deficit. hypotheses), or 
multifactor theories. Single factor theories classify all disabled 
· readers as a homogenous, unitary group with little inter-subject 
variability. Examples of single factocJheories cited by Satzl3 and 
Ve!!utino 15 include: the -motor impulsivity hypothesis, Dykman, 
Ackerman, Clements, Peters (1.971 ); the strategy/deficiency 
hypothesis of short-term memory, Hagen (1972); perceptual deficit 
hypothesis, Cruickshank (1972); the maturational lag hypothesis, 
Satz & Van Nostrand (1973); the verbal mediation hypothesis, 
Vellutino (1978); the cerebel lar-vestibular hypothesis, Levinson 
(1980); and the linguistic deficit hypothesis, Liberman (1983). i 3 In 
contrast, multi-factor models ·generally recognize a larger amount 
of variability within the reading disabled population as manifest by 
the presence of discrete underlying subtypes that differ in terms .of 
etiology, task performance, and/or prognosis . Included in 'the 
category of multiple factor models, and cited by Doehring 14 and 
Vellutino, 15 are: the Intersensory integration/hierarchical sensory 
dominance subtypes, Birch ( 1962); the auditory/visual subtypes, 
Mykelbust & Johnson (1962); the language/motor/visual-spatial 
subtypes, Mattis, French, and Rapin (1975); and 
dyseidetic/dysphonetic/mixed subtypes, Soder & Jarrico (1970Y, 
just to name a few.1 s 
15 
NATURE/NURTURE 
According to Rutter, 5 five large epidemiological studies have 
·. est;ib1ished--Tflai the distrib-ution of -reading --abiHty does -not - . 
resemble a normal Gaussian curve as do many other human 
performance measures such as IQ, (which correlates at a +o.6 level 
with reading ability). He argues that these studies tell us that at 
the lower end of the reading ability continuum there exists a 
"hump." Individuals represented in _tbis ___ hump manifest an extreme 
reading problem. 
· Prevalence estimates of reading disorder in school age 
children typically range from 3~9(o 16 17; however, some estimates go 
as high as 20-25% .1s Recently a well known group of reading 
researchers published results from their longitudinal study that 
. questions whether. dyslexia really exists as an all-or-none entity. In 
this project. the Connecticut _ Long.itudinal Study, 19 24 randomly 
selected kindergarten classes· were followed for five years. It was 
discovered that many of the children who were initially diagnosed as 
· dyslexic, and who had reading scores near the bottom of the 
distribution, scored much higher when later te.~ted. For example, 
fewer than half the third graders diagnosed as dyslexic kept that 
r"· 
label when retested in the fifth grade. The investigators concluded 
that dyslexia as a specific condition could not be distinguished from 
the lower end of the normal reading ability distribution. Because · 
there was no natural cutoff point using discrepancy scores ·(a 
measure that takes into account reading achievement and 
1 6 
intelligence) and statistical techniques, they essentially refuted the 
.notion of the "Rutter hump."2 o 
Estimates . of dyslexia and/or reading disability prevalence 
.. .. vary .-:-bec-ause there.:·rs not -a unlvel:saHy. accepted definition, etiology, 
nor a standardized diagnostic methodology for the condition, 
although many have been proposed. Based upon the poor and 
inconsistent research understanding of reading disorders, there are 
many who maintain that dyslexia does not exist. Because there is no 
proof of a neurological abnormality, th_ey ~rgue that we should not 
commit further resources in the diagnostic pursuit of a fictitious 
. . 
condition. In the field of education, many object to the term 
dyslexia, and deny the existence of a constitutionally based reading . 
disorder. Some maintain that reading failure exists only because of 
inadequate instruction and habit training.21 
There is a substantial body of evidence to support the fact that 
dyslexia, as it has been measured in the past, is not simply an ali-
or-none biological or inherited entity. Reading ability and reading 
disorders in a number of studies have been shown to be effected by 
environmental factors such as birth order, family size, and 
socioeconomic status. Critchley reported that,_ the incidence of 
dyslexia was ll}Uch less likely in first born (30 . '1 %) than in later bo_rn 
siblings (62.6%). Similarly, Kawi and Pasamanick found that 34% of 
their dyslexic cases were first born , compared to 50% with their 
controls.22 Rutter found that reading difficulties are much more 
common in children from large f amilies and socially disadvantaged 
homes. He also found that specific reading retard0.tion was twice as 
rare in small towns on the Isle of Wight than it was in London . 
i 7 
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Furthermore, the rate of reading difficulty varied considerably from 
school. to school in London. It was most common in schools with 
highest rates of . teacher and pupil turnover, as well as in 1hose with 
. the- FifgheSt prop·ortion o~ su!Jsidizecf meals .. ~--
Many of the early "word blindness'' investigators noted strong 
familial associations and believed the disorder was inherited. 
Twenty years ago, two different studies comparing reading disabled 
children with matched controls, provided convincing evidence that 
dyslexia does indeed run in families.23 These studies did not 
I 
establish that it was .necessarily genetic, since families share not 
only genes but environment and culture· as well. . Twin studies are 
more useful for parceling out the separate contributions of 
environment and inheritance. McManus24 summarized six twin 
studies of dyslexia that compared the degree of concordance 
between monozygotic (identical) and dizygotic (fraternal) siblings. 
Although the earlier studies found much higher concordance for the 
monozygotic twins, (suggesting that dyslexia is largely inherited) a 
study by Stevenson: "shows no evidence to r a convincing heritable 
component in specific reading disability." In addition , this study 
. adjusted for IQ, after which factor analysi~ determined that only 
, .. ,
29% of the variance in specific reading disability was due to 
genetics. McManus concluded that overal.l the twin studies were 
heterogeneous , showed low degrees of heritability , and were 
surprisingly "unimpressive." There was no serious attempt to 
differentiate different environment in monozygotic and dizygotic 
twins from different genetic components. Solan aiso criticized the 
1 8 
genetic analysis of dyslexia because of the lack of a good phenotype 
. . 
definition.24 
RECENT EVIDENCE FOR A NEUROLOGICAL DEFICIT READING DISORDER 
There~rec€nf and. converging . evidence for a brain-based - ·· · 
reading di$order.24-26 Although the evidence for an identifiable 
syndrome with structural anomalies is still circumstantial, it is 
compelling. Gaiaburda found two structural differences in the 
brains of developmental dyslexics as compared to non-dyslexic 
brains. Dyslexic brains had significantly more misplaced neurons 
(ectopias) and distorted cortical architecture (dysplasias). These 
structural changes were not isolated to the left hemisphere, but 
they were more common there, especially in the language regions 
bordering the Sylvian fissure. The dyslexic brains also differed in . 
anatomical asymmetry. Whereas normally the right planum 
temporale in· the posterior temporal,.. parietal area is smaller · than . 
the left, with the seven dyslexics it was of equal size (i.e., 
symmetrical) with the left. The planum temporale is contiguous 
with Wernicke's language area and constitutes the bulk of the 
primary auditory cortex; it almost certainly sub-serves a language 
function. .. 
Other investigators have confirmed the lack of planum 
tempofale asymmetry wi.th jn vjvo magnetic resonance images (MRI) 
of dyslexic brains .25 Flowers reported that with 12 subjects, the 
size of the right planum temporale area seen on MR I correlated 
significantly with rapid serial naming and rote verbal memory 
ability of the subjects.zs Using xenon inhalation regional blood flow 
imaging (rCBF) , · Flowers found that left-hemisphere superior 
1 9 
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temporal blood flow in normals and reading disabled subjects was 
significantly related to accuracy on an orthographic (read words) 
task. Furthermore, the subject's childhood reading classification 
- w-as-significantly related to 51oocrrrow in -b-oth Wernicke~s .. area and 
the angular gyrus on a word reading task. Good readers inhibited 
blood flow to the angular gyrus while poor readers activated it. 
Interestingly, adults who had been diagnosed with childhood 
dyslexia, but whose reading had improved considerably, 
demonstrated the same blood flow · pro_files as those With persisting 
dyslexia. Correlating the results of many different types of specific 
reading tasks with blood flow patterns lead Flowers to suggest a 
dual component model: 
A lett temporal component is associated with phonological/orthographic 
skill and a left parietal component associated with comprehension. 
Results suggest that the temporal lobe region of interest sub serves 
processes in common with the accurate analysis of both orthography an·d 
phonology, requiring fine auditory discrimination, whereas the inferior 
parietal area is associated with the higher order process of word 
meaning.26 
DYSLEXIA SUMMARY 
There seems to be reasonable agreement among most 
investigators that there exists in the readjng disabled pop·ulation, a 
subgroup of ·individuals who have difficulty performing tasks that 
require the processing of phonological information. These 
individuals typically manifest specific deficits in the encoding of 
speech-sound information in long term memory, the use of 
phonological codes in working memory, the retrieval of phonological 
information from long-term memory, the production of complex 
phonological sequences, and the awareness of phonological 
20 
structures. 8 Why, then, is there such chaos in the research 
I ite rature? 
First there is definition confusion, i.e., a lack of agreement as 
-to-=-the- -defmirig~haracteristics -·~Of-the "disorder. As a result, 
prevalence estimates range from 3% to 20%. The higher estimates 
undoubtedly are derived from mixed reading disabled samples that 
have as antecedents other academic disorders, auditory, visual, 
developmental, perceptual, and visual-motor disabilities, and 
secondary emotional problems.27 In 1984, Smith recommended that, 
as a minimum, research sample populations be described in terms of: 
number of subjects, gender, age, race, socioeconomic status 
achievement, and intellectual ·1eve1.2s Hammill reviewed 277 
articles dealing with specific learning disabilities published 
between 1984 and 1987. Only four provided all of the important 
data recommended by the CLD Research Committee (Smith et a1.).29 
Weener reviewed all 4 7 studies published in Psychological Abstracts 
and the Journal of Learning Disabilities between 1973 and 1981 that 
compared learning disabled children (who were receiving special 
educational services) with "normal" children. The mean reading 
1 difference between the two groups, averaged across all oi · the 
studies, was less than 0.75 standard deviations (SD)-which was only 
1/6 of the range of performance wit,hin either group. Nearly 23% of 
subjects in the learning disabled groups scored above the mean of 
the control groups , and a similar percentage of ''normal" children 
fell below the mean of the learning disabled groups. Extrapolating , 
there would have to be a 2.5 SO difference between the means of the 
groups across all of these studies for all .learning disabled subjects 
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to fall under the mean of the control groups, and a 5.0 SO difference 
for non-overlapping distrib~:~tions.15 Clearly, there is a great deal of 
heterogeneity with respect to cognitive processing within the 
learning disabled---population. 
As a result of the heterogeneity in previous research samples, 
it is not unexpected that many subtypes have been isolated, and 
many hypotheses have been generated to explain tf:1em. Many of the 
theorists can be described as "lumpers" who search for a small 
number of underlying processes. At tfJ_e_ other extreme are the 
"splitters" who use factor and cluster analysis to find large 
numbers of potentially separate syndromes.24 
lf one accepts the hypothesis that there exists a nuclear group 
(or groups) of reading disorders caused by intrinsic anomalies of 
neurological structural and function, then more powerful and direct-
diagnostic methods would be of great benefit in differentiating this 
group from the "garden variety" poor reader group. At the present 
time, there are no clinically practical quantitative means for 
differentiating functionally from organically-based reading 
disorders. Most procedures for diagnosing disorders of reading and 
language are complex, subjective, and expensive. There is a need for 
an objective, reliable, and inexpensive diagnostic methodology that 
would isolate educationally relevant reading disorder sub-types 
prior to their accumulating a history of academic failure. 3 0 
EL~CTROENCEPHALOGRAPHY 
A promising tool in the investigation of subtle brain function 
is the EEG. Literally translated from its three Greek roots, the word 
electroencephalogram means electrical brain picture. The EEG is a 
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record of the brain's rising and falling electrical potentials recorded 
from the scalp by electrodes. The amplitudes (power) and the 
frequencies (cycles per second) of the electrical signals are 
re6ordecLon contiriuousry_ moving paper, ..oLstored . in a __ computer. _ The 
EEG is valuable in the diagnosis of neurological malfunctions such as 
convulsive disorders, and it can be used to assess the anatomical 
integrity, functional status, and developmental maturation of the 
brain. In addition, the electrical activity of the brain provides 
insight into information processing r~[?.ted to sensory, perceptual, 
and cognitive functions: For example, ongoing brain activity during a 
cognitive process such as reading can be measured with the EEG. 
HISTORICAL BACKROUND OF THE EEG 
Hans Berger was the first person to systematically record and 
I 
describe electrical activity in the human brain. He published his EEG 
results in 1929, but his findings were largely ignored because 
scientists at the time had difficulty accepting that Berger's 
recordings were generated by, or even related to actual brain events. 
Berger was also the first to identify the alpha rhythm, which he 
speculated was the manifestation of continuous psycho-physical 
processes underlying rion-localizab!e mental functions.3 1 ,It was not 
until 1934 when Adrian and Matthews replicated Berger's work that 
the scientific community took notice and seriously began to 
investigate the neural origins of human brain wave activity and its 
relationship to behavior.32 This work was further stimulated by 
Golla's findings which indicated that pathological states would 
produce changes in the rhythmical activity of the brain as reflected 
in the EEG recording.33 
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Contemporary clinical EEG instruments have advanced beyond 
-. 
the string galvanometer devices used by the pioneers to large banks 
of electronic multi-channel recorders. Typically, 8 to 64 channels 
- a:re..-simti!tane.ousJy sampled - nom-aifferenLscalp locations. · Multi-
channel recording is useful for identifying the location of anomalous 
activity, and it allows for comparison of electrical activity and 
timing in one hemisphere versus the other. A major contribution of 
the modern EEG is that it is a non-invasive procedure with the 
ability to evaluate physiological disturbanc.es of brain function not 
associated with structural lesions. The clinical· EEG is used to 
routinely provide valuable medical dia'gnostic and prognostic 
information about a wide variety of neurological problems: seizures, 
brain tumors, cerebrovascular, metabo.lic, and toxic disorders, as 
well as infectious and degenerative diseases of the brain. 
1 0-20 ELECTRODE SYSTEM 
A significant advance in electroencephalography was the 
adoption · of a standard system for scalp electrode placement. This 
standard method is called . the 10-20 electrode system, and was 
introduced by Jasper in 1952.34 The 1 0-20 system is based upon 
four reference points: the inion, nasion, and the left and right pre-
auricular points. Five regions are identified by letters: F (frontal), C 
(central), 0 (occipital), P (parietal), and T ·(temporal). Numbers are 
combined with letters to identify distance from the mid-sagittal 
(nasion-inion) reference line. Larger numbers are .used with 
electrode placement farther from the. mid-sagittal line; odd numbers 
are used for the left hemisphere, and even numbers for the right. 
Mid-sagittal electrode placement is labeled with the region letter. 
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plus the letter "Z,". e.g., OZ . would represent mid-line placement over 
the occipital area. An advantage of the 10-20 system is that 
different sized and proportioned skulls can be generalized because 
etecffoae-loca1ions. C:ire . ~efjnefcr-as percentag_es of distance from 
major reference points, rather than as absolute distances. 
GENESIS OF THE CORTICAL EEG SIGNAL 
Two major schools of thought have emerged to explain the 
origin of the EEG signal. One view is that EEG waves represent 
sumfl}ations of individual action poteoJials occurring in many 
neurons. The other view is that the EEG represents spontaneous 
fluctuations in neuronal membrane potentials. that are relatively 
independent of nerve impulses, i.e., cortical neurons were assumed 
to have an intrinsic spontaneous rhythmicity, the frequency of which 
was determined by· an individual cell's metabolism and modified by a 
variety of excitatory influences as well as the extra-cellular milieu . 
Thus, the EEG was thought to represent the envelope of the ';beats" 
of many individual cells that were coupled together. 
Dempsey and Morison demonstrated the existence of a diffuse, 
nonspecific system of thalamo-cortical connections from the medial 
and intralaminar thalamic nuclei which resulted in widespread, 
rhythmical, bi-hemispherical activity~ 3 5 The micro-electrode work 
by . Renshaw was critical in demonstrating that EEG waves were not 
envelopes of action potentials from individual cells, but rather 
emanated from independent and distinct events (e.g., pre- and/or 
post- synaptic potentials). Bishop and Clare were able to show that 
EEG waves were largely generated by activity in apical dendrites 
located in superiicial layers of cortex. 36 EcCles proposed that 
25 
r 
r 
I 
! 
synaptic electrogenesis was the fundamental mode for EEG activity, 
and thts was confirmed by . the micro-electrode studies of Li and 
Jasper in which cortical slow waves. were shown to represent 
summations .ofsynaplic_-events .. '-?~r-- ·· ·-· 
Although the EEG is still not fully understood, the generally 
accepted Andersen and Anderson model proposes that the signal 
measured at the scalp is generated by pyramidal neurons in the 
underlying cortex, and the signal is kept in sync_hrony by generators · 
in the thal.amus .38 There is excellent evidence to support the notion 
; 
that the EEG signals originate within the cerebral cortex, and that 
scalp-recorded electrical activity results from extra-cellular 
current flow associated with summated excitatory post-synaptic 
potentials (EPSPs) and inhibitory post-synaptic potentials (IPSPs). 
Because the EEG reflects summated PSPs occurring in thousands or 
even millions of cortical neurons, suriace recordings. alone cannot be 
used to determine the nature of synaptic events contributing to a . 
particular EEG wave. It is believed that the EEG represents the 
"average" behavior of large neuronal aggregates, but there are 
individual cell variations within any given neuronal pool. In short, 
EEG waves seen at the scalp represent a kind of spatial average of 
electrical activity from a limited and superficial area of cortex. 34 
Lindsley has offered a model which proposes that brain 
electrical activity is associated with psychological states . He 
believes that electroencephalographic activity at the cortex is 
driven by the reticular system output , and this, in turn, is affected 
by emotional experiences which influences cortical arousal: When 
reticular system activity is low, the EEG is characterized by 
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synchronous patterns. Increased input results in cortical excitation 
and produces patterns of low voltage desynchronized activity. 
Although there is no evidence that the intensity of different 
- -emoficfr'faLrea.ctiohs prod~ce.peculiaY-EEG patterns, .the_EEG does .. . 
seem to reflect variations in emotional state.36 
EEGRHYTHMS 
Rhythmicity is used to characterize sequences of regularly 
recurring wave forms of similar shape and duration. Rhythmic EEG 
waves reflect the tendency of parts of _the brain to generate 
collective oscillations wherein activity in populations of neurons 
fluctuate as a function of time. Rhythmic EEG activity results from 
synaptic potentials that occur with successive waves of cellular 
firings. The waves that are measured in one area of the brain may be 
generated locally or from more distant inputs.3 6 
According to Bishop the EEG is a mixed frequency signal. There 
are four commonly referred to rhythms: alpha, beta, theta, and delta. 
They are defined in terms of frequency as measured in cycles per 
second, or hertz (HZ). Alpha rhythm, as its name suggests, was the 
first frequency band to be identified from the mixed signal EEG, and 
is the most constant and conspicuous wave in the EEG. Alpha is 
defined as a signal with a frequency between 7.5 and 12.5 HZ. Its 
amplitude increases as a function of age until around eight years of 
age; it is most easily measured over the occipital region on the back 
of the head. 
The! frequency of occipital alpha is closely related to cerebral 
blood flow; decreased cerebral perfusion causes slowing of alpha as 
do drugs such as carbamazepine and phenytoin.39 Wertheim 
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hypothesized that alpha is intimately related to the control and 
feedback systems. of the eyes and that retinal afferents were of 
·prime importance in determining alpha activity; e.g., alpha is greatly 
· diminisheo:-:wh·en--the. ey~s .are· open:4o JLhas_ been suggested that . 
alpha may represent the brain's ·"dial tone," and is therefore 
inversely related to the general state of arousal or alertness.41 It 
has also been suggested that increased EEG alpha corresponds to 
cortical inactivity, inactivation, or possibly inattention.42 
Beta rhythm is defined as a sig(1al with a frquency above 12.5 
HZ. Some authorities maintain that its upper limit is 24.5 HZ.43 
Beta activity is a predominant feature in the EEG of premature and 
term infants, but is barely evident in the EEG's of young children. 
Barbiturates; benzodiazepines, and chloral hydrate increase the 
amplitude of beta activity especially in the 18-25 HZ band. Activity 
in that same band increases in amplitude during periods of 
drowsiness, light sleep, and REM sleep. 
Asymmetries of beta amplitudes between the hemispheres of 
as much as 35% are common and may reflect the sensitivity of the 
high frequency signa! to variations in skull thickness. This 
sensitivity is diagnostically useful in diagnosing subdural ~ or 
epidural fluid as a result of contusion or cortical injury. Beta 
activity has also been reported to grow with increased mental 
concentration, especially with mental computation. Some medical 
authorities dismiss the diagnostic significance of beta activity with 
minimal brain dysfunction,· dyslexia, behavior disorder, or 
hyperactivity, maintaining that it has "no established basis; the 
finding neither proves nor illuminates the diagnosis. "4 6 
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Theta activity . has a frequency between 3.5 and 7.5 HZ, and is 
perhaps the activity that is least understood. It has been reported 
that there are at least two independent theta rhythms that might 
. originate Jro~a1ffe.rent .. ~reas of-::tne -~ brain.-The hippocampus .. se.ems 
to play a poorly understood role as wel1.44 Frontal activity in the 6-
7 HZ range tends to increase in amplitude and beqome more 
sustained with the onset of drowsiness. Paradoxically, the same 
thing happens in children and young adults during heightened 
emotional states. Rapid, transient elevations in theta activity have 
' r been documented during a state of meditation.4 5 Medically, the level 
of theta activity is used to provide diagnostic information about the 
presence of space occupying foreign bodies. 
In the past, enhanced theta activity was thought to be evidence 
of "fundamental brain pathology." This notion derived largely from a 
several early, poorly designed studies of children with emotional 
problems.4a Currently, there has emerged evidence indicating that 
elevated theta is the "signature" of reduced cerebral blood flow or 
brain hypoxia, and, when chronic, this can indicate impaired . 
neurotransmitter biosynthesis.4 6 
Delta waves are those with frequencies less than 3.5 · cycles 
per second. Delta rhythm is unexpected in the normal waking state, 
but is a normaJ product of stage four (deep) sleep. Hence, the · 
presence of specific types of delta in the normal waking state has 
medical significance in diagnosing disorders such as tumors, 
sclerosing panencephalitis, hepatocerebral degeneration, 
demyelinating diseases , Krabbe's disease, and Creutzfeldt-Jakob 
disease.34 
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EEG STUDIES OF BEHAVIORAL AND COGNITIVE PROBLEMS 
Many past studies have yielded correlations between EEG 
findings and different types of abnormalities. Gerson, et. al., found 
--a.-n- association .between abl10rmar-EEG findings,. birth complications, 
and abnormal neurological examination results. 47 Ingram, et. al., 
found an association with brain damage based upon clinical 
examination and developmental history results.4B Burks, reported 
abnormal EEGs with lower verbal than performance IQs and 
difficulty in perceptual or general acgdemic functions.49 Black, 
noted an association with inadequate visual perception or birth 
defect.5° Slow occipital waves in the EEG have been noted with 
abnormal visuomotor performance,51 poor visual ductions,52 and 
deafness and decreased_ photic response.53 · 
Epileptiform activity in the EEG has been detected with 
defects in attention and ideation,s4 short attention span,ss and 
visual and oculomotor disorders.se Diffuse EEG abnormalities have 
been related to different types of behavior disorders.59 
EEG STUDIES OF READING DISORDERS 
Hughes reviewed 10 early studies that measured the EEG of 
dyslexics. He reported that the mean incidence of EEG 
"abnormalities" for the 530 subjects was 45%. The most common 
types of abnormalities found with the dyslexics were positive 
spikes in the EEG spectrum, excessive occipital slow waves, 
epileptiform activity, and diffuse abnormallties. Positive spikes 
during 6 to 7 HZ and 14 HZ activity have been reported by many of 
i 
the early EEG investigators as being more common in dyslexics. The 
incidence of the spikes has been reported to range from 21% to 55% 
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with dyslexia.57 However, only three studies included control 
groups, two of which reported no differences. The only study to find 
a difference in incidence, (that included a contr~J group) reported 
that 2Yo/o or:-tne dyslexics and ·only 1% of the_ non-dyslexics 
demonstrated positive spikes. Despite the more than 1 00 papers 
having been devoted to the positive spikes and th.eir behavioral 
correlates, the EEG community has general ly remained skeptical, 
considering spikes to be a variant of the normal EEG because they 
are present in so many "normals." 
Severa! · investigators have found the incidence of excessive 
occipital slow wave activity in dyslexics to be similar to that found 
·with hyperactive children and in learning disorders in general. 
Kinsbourne has proposed. that excessive slow wave activity 
represents a "maturational lag" in brain development characteristic 
of a substantial subgroup of learning disabled children.ss Reported 
incidence ranges from 10% to 54% for occipital slowing, but other 
studies have found significant slowing over the temporal areas, 
particularly on the left side.57 A problem with relying upon 
occipital slowing as a diagnostic tool is that it is a non-specific 
pattern and. is very difficult to distinguish from the normal occipital 
sl.ow waves and normal rhythmic 2.5 to 4.5 HZ activity found in the 
posterior regions with chiJdren. Eeg-Oiafsson has pointed out that 
excessive slow waves are well known to occur in a substantial 
proportion of apparently normal healthy asymptomatic children.s9 
A mysterious and uncommon EEG abnormality that has 
occasionally been identified with dyslexics' is epileptiform activity. · 
Torres and Ayers, so Volterra and Giordani,6 1 and Hughes,s7 have all 
3 1 
reported active spike discharges in one or both occipital areas in 
dyslexic children who demonstrate no obvious signs of clinical 
seizures. The significance of these spike, sharp-wave, and spike-
- ----and..:wa.ve-cornplexes--is TJnknowrr:sz-
Generalized, non-specific slowing of the EEG signals in 
dyslexics has been described in three studies and is categorized as a 
"diffuse" abnormality. Roudinescoss found non-focal slowing of the 
alpha rhythm with many of their subjects. Hughes and Park52 
mentioned diffuse slowing with 3 of 157 dyslexics, and Webb and 
Lawson64 maintained that 13 of 41 of their dyslexics had non-focal 
slowing. 
More recent studies have focused attention on frequency 
analysis of EEG rhythms. Sklar et. al., noted more 3 to 7 HZ, and 16 
to 32 HZ activity along with less 9 to 14 HZ activity at rest with 
dyslexics. During reading the dyslexics produced less fast a_ctivity 
than did the normals, but the best discriminator between groups was 
inter- versus intra-hemispheric coherence.ss The same 
investigators later reported that the !eft parieto-occipital area of 
dyslexics showed peaks at 6, 17, 20, and 24 HZ without well 
developed alpha activity.. During the reading task the besL 
discriminator was 3 to 7 HZ activity, disappearance of 18 HZ 
rhythm, and again, coherence_.s6 This increase in theta activity was 
supported by the findings of Colon, et ~!., who repo"rted increased 3 
to 6 HZ activity with their 1 0 to 11 year-old dyslexic subjects as 
compared to non-dyslexic subjects.67 
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CRITIQUE OF PAST EEG STUDIES OF READING DISORDERS 
In a thoughtful critique, Conners reviewed the 10 EEG studies 
cited earlier by Hughes (1978) as evidence that the EEG is abnormal 
.. : in-~ -dysJexic-s~es · Conners -stated-that the QCit(l from the earlier studies 
did not support the· conclusion that there is an association between 
EEG abnormalities and dyslexia. As supporting evidence, he pointed 
out that: 1) most of the studies relied upon non-blind EEG readings of 
unknown reliability; 2) most of the dyslexic groups were poorly 
defin-ed and the researchers did not first rule out neurological 
abnormalities, behavior problems, or associated conditions; 3) there 
was either poor or no matching of experimental and control samples , . 
and With the few matched studies there was no EEG versus reading 
relationship; 4) the range of degree-of-abnormality reported was 
too large to inspire confidence; 5) no consistent findings were 
present for the locus or type of ·abnormality associated with 
dyslexia; 6) in several instances greater degrees of EEG abnormality 
were associated with the milder forms of reading disorders; 7) 
there were several instances in which the degree of EEG abnormality 
among the dyslexics was less than that found in other studies among 
controls; and, 8) ·in the cases where follow-up evaluations ,.of EEG-
studied dyslexics were performed, the EEG contributed · nothing to 
prediction of outcome. 
The EEG methods employed in the studies previously cited have 
been severely limited by th~ qualitative ways in which data were 
evaluated. In most cases, EEG specialists reviewed long paper 
records cons isting of multi-channel ink tracings utilizing pattern 
recognition to identify abnormal wave shapes or frequency 
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anomalies. Poor concordance between different clinicians reading 
the same record has been a chronic problem. Even m~re troubling is 
the poor concordance that has been reported for the same clinician 
reading-tl''les-<:rme record -on -clifferenr occa$!P_ns. e g 
t'he accession of powerful and portable computers has allowed 
investigators to pursue quantitative analysis of EEG data. 
Conversion of the EEG to a numerical index and comparison to a 
normative data base has permitted the objective extraction of 
statistically relevant diagnostic information from the individual 
EEG recording. 
NEUROMETRlCS AND BRAIN ELECTRICAL ACTIVITY MAPPING 
Recently, two separate teams have followed similar tracks in 
evolving the methodology, measurement, and analysis of 
electroencephalographic data. instead of relying upon just a few 
electrode sites, the new approach· has been to expanded information 
gathering to many scalp regions. Not only are many sites 
simultaneously sampled, but the recordings are gathered while 
subjects are actively "challenged" with both meaningful and 
meaningless stimuli. Extensive normative. data for the different 
stimulus conditions have been gathered from subjects in ,different 
·age groups and from subjects with various behavioral disorders. 
John, et a!., have published extensively about their technique 
for which they coined the term "neurometrics."70 71 72 7374 75 The 
I 
aim of neurometrics has been to improve the sensitivity and 
selectivity of electrophysiological measurement and extend it into 
the area of sensory, perceptual, and cognitive function. The 
neurometric test battery (NB) utilizes a computer to set up 58 
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different standardized stimulus conditions that challenge a variety 
of brain function$. Data fr~m many electrode sites are digitized and 
stored for later retrieval and analysis. Data, analysis is an extensive 
-lz- step process __ With logarithmi:c --transformC!tions used to achieve 
Gaussian distributions so that parametric statistical analysis is 
possible. Each feature extracted from the data receives a Z-score 
relative to age appropriate normative values. The Z-score is the 
nl1mber of standard deviations (i.e., the objective probability) by 
which the observed measure differs from the mean of the normal 
group. The features extracted from the EEG include a frequency 
analysis for both absolute and relative power in the delta, theta, 
alpha, and beta bands for eight different bipolar electrode 
derivations. 
The normative data base was constructed from more than 600 
normally functioning children, ages 6 to 16. Generality was.· 
established by comparing the data from the United States to that of 
several other countries such as Sweden and Barbados. No significant 
differences were found on 31 of 32 EEG measures. Regression 
equations were constructed from previously published data by 
Matousek76 to desc'ribe the normal maturational EEG changHs in the 
human brain. Reliability coefficients for relative power at short 
(one-hour), medium (orie-week), and long (6-8 months) test-retest 
intervals were measured as 0.83, 0.70, 0.69, respectively. 
John, et a1.,69 evaluated three groups of children using 
neurometric techniques: 1) those at risk for neurological disorders 
such as seizures, 2) children with general learning disabilities, and, 
3) learning disabled children with specific learning difficulties. All 
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three groups had an incidence of deviant Z-scores that ranged from 4 
to 44%. Using a conservative criterion (p<0.05), John et. al., found 
that 54 to 58% .of the children in the three groups had abnormal 
--findfngs-~-compared to Ao/o with norma.r cbiJdre_n. _ 
John and his collegues also examined more specific categories 
of learning impairment.72 When they compared verbal under-
achievers to arithmetic under-achievers to mixed group versus 
normals, ! 
they found that children with different patterns of under- · 
achievement also have different neurometric profiles. Arithmetic 
under-achievers showed excess theta 'on the parieto-occipital areas, . 
and the mixed group. showed excessive delta and theta over the 
posterior regions. Based upon their neurometric profiles, the 
subjects were sorted into five distinct patterns. To cite one 
example, the group with theta excess and learning disability 
demonstrated poor performance on psychometric tasks that required 
sustained attention. They also had deficits in digit span and had 
slow reaction times. 
The other group of investigators who have published the 
r~ 
results of their attempts to objectively quantify the EEG i,ncludes 
Duffy and colleagues.77 78. 79 Similar to John, et al., Duffy, et al, 
recorded data from numerous electrode sites, and statistically 
transformed their data to yield .2-scores for comparison to a 
reference population. Duffy's stimuli were different however; they 
consisted of continually changing cartoons. Duffy also stressed a 
data transformation technique called significance probability 
· mapping (SPM) ·to delineate regions in which brain electrical activity 
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was abnormal. The t-test was used to detect differences between 
groups of subjects. In order to determine whether a given focal 
finding indicated a regional neuropathology or fell into the · normal 
-- rar,-ge, -·gria- secfo-r .analysis:. (Gs-Aywas ~_userLto measure the degree of 
abnormality. 
Duffy utilized his Brain· Electrical Act~vity Mapping (BEAM) 
methodology to compare a small group of 9 to 11 year old "pure" 
dyslexics to matched controls. With the EEG, three different brain 
regions were distinctive with the dyslexics: bilateral medial frontal 
region (near the supplementary motor area); the left anterior frontal 
area {near Broca's area); and the left mid-temporal area (auditory 
associative area). As an example of specific differences, the 
dysle'xics usually showed alpha distributions that were less state 
dependent, typically with invariant maxima over the midline or ove.r 
the left hemisphere. On speech, paired associates, and eyes open 
tasks, the dyslexics produced different activity over the medial 
frontal region as compared to the controls . In general, differences 
between the groups indicated higher mean alpha for the dyslexics, 
suggesting less cortical activation. In general for theta, dyslexics 
had higher mean values than the controls. 
Multivariate and discriminant analysis were used by Duffy et 
al., to reduced the number of features from the many electrodes and 
·stimulus conditions to identify those that would best diagnose · 
subjects as either normal or dyslexic. One hundred eighty three 
features were reduced to the 10 best at separating dyslexics from 
normals. Although the combined use of both evoked potentials and 
EEG specific features was superior to either separately, 4 of 10 
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features were exclusively from the EEG. Three involved theta and 
the fourth, alpha rhythms. With the use of just 10 features Duffy, et 
al., were able to diagnose dyslexia over 80% of the time. 
- ~-~ · -Advantages of the . Neurometrrc-Battery .or BEAM techniques· are 
that they are objective and that they appear to be independent of 
cultural or .ethnic background. 
STUDY GOALS 
A purpose of this study was to combine a limited number of 
positive features from both Neurometric and BEAM 
electrophysiological methods to explore the possibility of 
differentiating children, with reading or general academic problems 
from a population of children with no academic difficulties. 
The initial goal was to determine if there were significant EEG 
spectral differences between normal children, and tnose grouped on 
the basis of reading problems or general academic difficulties. · To 
make this comparison, EEG spectra were recorded under five 
·'""' 
different stimulus conditions ·from three different electrode 
configurations. Spectra were classified with respect to relative 
proportions of alpha, theta, and beta activity produced for each of 
the stimulus condition,.electrode site combinations . 
Another goal was to determine if individual subjects who had 
unique combinations of academic, optometric, or perceptual 
problems could be differentiated from normal subjects on the basis · 
of their EEG spectra. 
Thus , the initial goal was to look for correspondence between 
academic performance and EEG spectra in grouped data, and a 
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secondary goal was to search for patterns in the data from 
individual subjects. 
SUBJECTS AND METHODS 
SUBJECTS--- ---
Sixty-four subjects· participated in this project; all were 
students in grades 3 through 8 at local schools. They were recruited 
through contacts with special education teachers, by news releases 
in local papers, and by word of mouth. To be eligible for the project· 
subjects had to free from· systemic co~~itions that could 
compromise reading or learning (e.g., reduced visual acuity, hearing 
loss, etc,). 
Prior to · participation in the project, informed consent was 
obtained for each subject's parent. As compensation for their 
participation, each subject was given certificates redeemable for 
two comprehensive vision examinations. 
Academic Achievement Tesiing 
Within one year prior to participation, all subjects had taken a 
standardized school achievement test; most had taken the 
Metropolitan Achievement Test (Harcourt, Brace, Jovanovich, Inc.), 
but a few had taken the Survey of Basic Skills (Science Research 
Associates, Inc.), or the Woodcock Johnson (DLM Teaching Resources, 
Inc.). These tests provided per~entile data on reading, language, 
math, and general abilities. On the basis of their percentile scores, 
33 subjects were classified as normal (no score befow the 40th 
percentile), 14 were classified as having an isolated reading . 
problem (a score below the 40th percentile on reading and/or 
language, and scores above the 40th percentile on math and/or 
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general ability). and 17 were classified as having general problems 
(a score below 40th percentile on reading and/or language, and a 
score below the 40th percentile on math and/or general ability).· 
Mean ages; grades-; 'nrsr score-s--;-al1d other .data on the subjects in the 
three groups is shown in Table 1. 
TABLE 1. SUBJECT DATA 
(Values in parentheses are standard deviations) 
ACADEMIC 
~ 
.ElQ8I!Qt:l 
MJ;i!BEROE 
sw.s:::m · 
~ 44 20/24 4.6 (1.5) 
717 4.9 (1.6) 
1 2/6 4.5 (1.7) 
MEAN AGE 
10.3 (1.4) 72.7 
( 18.1) 
10.7 (1.4) 35.2 
(22.7) 
r 10.7 (2.1) 26.7 
(21.9) 
Peabody Individual Achievement Test-Revised 
MEM.:l ~ 
I ANGl !AGE M.hlt::i 
PEFCENTILE PEEC!M1t.E 
71.6 68.6 
(19.4) (24.0) 
31.0 55.1 
(15.8) . {21.8) 
20.3 23.4 
(1 0.2) (14.6) 
72.6 
(23.2) 
58.7 
(12.8) 
22.5 
(17.9) 
Visual versus auditory linguistic processing abilities were 
compared by using the reading subtest of the Peabody lndividua,l 
Achievement Test-Revised (PlAT) (American Guidance Service, Inc). 
In the normal administration of this test, sentences are presented 
one at a time and the subject is asked to select a picture that 
corresponds to the. content of the sentence. Sentences with 
increasing complex content are presented to determine equivalent 
grade and age levels. 
To assess the subjects' ability to process auditorally versus 
visually presented information, the reading subtest of the PlAT was 
modified by dividing it into two equal halves. For one half of the 
test, sentences were presented visually by having the subject read 
them silently. For the other half of the iest, the sentences were 
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presented aurally by using a tape recorder. Results of the Peabody 
test are summarized in Table 2.. Three subjects with normal 
academic abilities and one subject with general academic problems 
did !lot fake the Peabody test. ··---
ACADEMIC 
CLASS-
IFICATIO~ 
NORMAL 
READING 
PROBLEM 
ONLY 
GENERAL 
PROBLEMS 
TABLE 2. PE:ABODY TEST RESULTS 
(Values in parentheses are standard deviations) 
ACTUAL ACTUAL PEABODY AGE PEABODY PEABODY AGE 
AGE GRADE EQUIVALENT ~ EQUIVALENT 
£Q3 EQUIVALENT EE 
SUBJECTS E:B SUBJECTS 
READING SUBJECTS HEARING 
SENTENCES READING SENTENCES 
SENTENCES 
10.2 (1.4) 4.5 (1.6) .12.5 (4.2) 8.8 (3.4) 13.2 (3.7) 
10.7 (1.4) 4.9 {1.6) il.5 (3.5) 6.2 (3.3) I 3.8 (3.5) 
10.6 (1.8) 4.5 (1.6) 10.0 (2.5) 4.5 (2.4) 13.6 (3.3)' 
PEABODY 
~ 
EQUIVALENT 
£Q3, 
SUBJECTS 
HEARING 
SENTENCES 
9.0 (3.5) 
8.3 (3.4) 
8.2 (3.3) 
Data from the Peabody test can be used to validate the reading 
and general ability classifications that were based on the school 
academic tests. Factorial analyses of variance were used to 
compare the subjects' academic classifications to the age and grade 
differences fo.und between the visual and auditory portions of the 
Peabody. Results are shown on Tables 3 and 4. 
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TABLE 3. RESULTS OF ANOVA COMPARISON BE1WEEN ACADEMIC 
CLASSIFICATIONS AND VISUAL MINUS AUDITORY GRADE EQUIVALENTS 
FROM THE PEABODY TEST 
______ __(V_~LLiE;s in parentheses '"_?r_e_ standard deviations) 
ACADEMIC 
CLASSIFICATION 
NORMAL 
READING PROBLEMS 
CN..Y 
GENERAL 
PROBLEMS 
MEAN DIFFERENCE 
BElWEEN VISUAL 
AND AUDITORY 
.GFW)E 
EQUIVALENTS 
-0.16 (3.0) 
-2.07 (4.8) 
-3.69 (3.0) 
A significant ANOVA p value of 0.007 indicated that the means 
were different between the groups . . This was followed up with a 
post-hoc Scheffe test which demonstrated that the difference 
between the normal and general problem groups was signifiqant at 
the 0.10 leveL A similar pattern of data was found for the age 
equivalent data from the Peabody (Table 4). 
TABLE 4. RESULTS OF AN OVA COMPARISON BETWEEN ACADEMIC 
·.CLASSIFICATIONS AND VISUAL MINUS AUDITORY AGE EQUIVALENTS 
FROM THE PEABODY TEST 
(Values in parentheses are standard deviations)' 
ACADEMIC 
CLASSIFICATION 
NORMAL 
REA.DING P.ROBLEJV\S 
GENERAL 
PROBLEMS 
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MEAN DIFFERENCE 
BETWEEN VISUAL 
ANDAUDITORYAGE 
EQUIVALENTS 
-0.76 (3.4) 
-2.27 (4.9) 
-3.61 (3.2) 
Again, a significant ANOVA p of 0.05 was followed up by a 
post-hoc Scheffe test. !t demonstrated a significant difference 
between the normal and general problem groups with respect to 
differences--irYequivalent visual-versus au_ditory ages. Although 
. ,-
there is considerable overlap between the groups, the pattern of 
these results suggests .that subjects who had greater visual versus 
auditory differences on the Peabody test also did less well on the 
school academic achievement tests. 
To determine the strength of this relationship, correlation 
coefficients were calculated for the Peabody test results versus the 
subjects' scores on the academic tests. This correlation matrix is 
shown in Table 5. 
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PEABODY 
VISUAL 
TABLE 5- CORRELATION MATRIX FOR PEABODY 
AND ACADEMIC TEST SCORES 
PEABODY 
VISUAL 
VERSUS 
AUDITORY 
~ 
•pEABODY 
VISUAL 
VERSUS 
AUDITORY 
.GB6QE 
ACADEMIC 
READING 
SUBTEST 
PERCENTILE 
ACADEMIC 
LPNGUAGE 
SUSTEST 
PERCENTILE 
ACADEMIC 
ACADEMIC GEJ'\JERAL 
MATH ABILITY 
SUBTEST SUBTEST 
F?EBCENTILE PERCENTILE 
VERSUS 1.0 
AUDITORY 
AGE 
PEABODY 
VISUAL 
VERSUS 
AUDITORY 
GRADE 
ACADEMIC 
. READING 
SUBTEST 
PERCENTILE 
ACADEMIC 
LANGUAGE 
SUBTEST 
PERCENTILE 
ACADEMIC 
MATH 
SUBTEST 
PERCENTILE 
ACADEMIC 
GENERAL 
ABIUTY 
SUBTEST 
PERCOO!LE 
0.84 
0.25 
0.34 
0 .25 
0.16 
1.0 
0 .33 1.0 
0.39 .085 1.0 
0.30 0.77 0.83 1. 0 
0.27 0.70 0.70 0.72 1. 0 
The correlation's are relatively high between the Peabody 
equivalent grade and age data, and between the four academic 
subtest percentiles, but the correlations between the Peabody data 
and the academic scores are moderate at best. This suggests that 
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either the Peabody and academic tests produce unreliable (i.e., 
variable or noisy) data, or the Peabody and academic tests assess 
different characteristics of the subjects . 
. ·--- -·- ···· .. - ·- --
Electroencephalographic --Analyses·-· 
To assess brain activity , EEG power spectra were measured by 
placing electrodes at International 10-20 sites CZ, PZ, OZ. 
Electrodes were referenced to linked mastoids. Additional 
electrodes were placed above and below the eye so that data epochs 
contaminated by eye movements or gross artifacts could be rejected. 
I 
Amplifier frequency cut-offs . were set at 0.3 and 100 Hz. 
Electroencephalographic data were measured for the fifth 
minute of each of five different conditions: sitting quietly with eyes 
open (QUIET), listening to an age appropriate story being read 
(STORY), silently reading a story at a level two years below grade 
placement (READ), copying Bender-Gestalt (Western Psychological 
Services) forms (COPY), and engaged in mentally solving arithmetic 
(MATH). To reduce variability, conditions. were presented in the 
same order to each subject. 
For the fi fth minute of each condition, EEG data from each of 
the three e]ectrodes sites (OZ, CZ , and PZ) were digitized .at a rate 
of 64 Hz for 60 consecutive 1.0 sec epochs. (For some subjects, 
more than 60 seconds of data were required to obtain 60 epochs 
because epochs with vertical eye movements, blinks, or gross 
artifacts were rejected.) The data from each of the 60 epochs vvas 
Fourier transformed to create 60 power spectra with 1.0 Hz wide 
frequency bins, and upper and lower limits of 4 and 31 Hz. The mean 
of these power spectra from each electrode site was used to 
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represent the EEG . activity for that electrode site-stimulus 
condition combination. These data were analyzed as described 
below. 
-~· -Th-e-:-EEGpower spectra from3ndivj_du~J .. subjects were also 
converted to relative power spectra, and finally a transform was 
used to convert the relative power in each i .0 Hz frequency bin to a 
Z-score. More information on these transformations and analyses is 
presented below. 
RESULTS 
The first goal of the study was to compare EEG spectra from 
subjects grouped on the basis of academic ability. Analyses were 
conducted with the actual EEG power values from each subject, with 
powers converted to a relative scale, and with powers converted 10 
Z-scores. · 
Analyses Based on Actual EEG Powers 
The initial analyses were conducted using individual subjects' 
EEG powers recorded for each of the 15 stimulus condition-electrode 
site combinations. To make these comparisons, factorial ANOVAs 
were used. For each stimulus condition-electrode site combination, 
mean EEG powers in 1.0 Hz increments were. compared for the 
subjects in the three academic classifications. This required the 
use of multiple analyses so application of the 0.05 significance 
level was not appropriate because the high number · of . comparisons 
may generate spurious significant probability values. Instead, any 
AN OVA comparisons having a probability value of 0.10 or less were 
consider to be "of interest," but not necessarily "significant" in ·the 
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statistical sense. For this reason, post-hoc testing of group 
differences was not appropriate. 
Based on analyses for the OZ electrode site, there were no 
"interesting" relationship~-- between EEG power and . ac_ademic 
classification for the story, copy or math stimulus conditions. For 
the quiet and reading conditions, however, there . were interesting 
relationships at several frequencies. These relationships are shown 
in Table 6. 
. . ··- . ~ 
. TABLE 6. INTERESTING EEG POWER VERSUS ACADEMIC 
CLASSIFICATION RELATIONSHIPS FOR ELECTRODE SITE OZ 
STIMULUS 
CONDITION 
. QUIET 
QUIET 
READ 
READ 
READ 
E33 ANOVA MEAN POWER 
FJ=i.ECUEN:::Y . PROBAB!UTY FOR NORMAL 
VALUE SUBJECTS 
5HZ 0.07 2576 
6HZ 0.08 2303 
5HZ 0.01 4236 
6HZ 0 .09 2868 
7HZ 0.09 2439 
MEAN POWER MEAN POWeR . 
FOR READiNG FOR GENERAL. 
PROBLEM PROBLEM 
SUBJECTS SUBJECTS 
2493 .1 995 
1975 1595 
31 91 2359 
2499 1902 
2511 1657 
Based on the data in the Table, subjects who had ge!)~ral 
ability problems had lower mean EEG activity in 5 to 7 Hz region 
· · than did normal subjects. 
With respect to the data from the PZ electrode site, no 
interesting relationships were found for the copy stimulus 
condition, but the other four conditions did have interesting 
re!ations6ips as shown on Table 7. · 
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TABLE 7. INTERESTING EEG POWER VERSUS ACADEMIC 
CLASSIFICATION RELATIONSHIPS FOR ELECTRODE SITE PZ 
-- - STIMtJtUS-- - ·---EEB ANOVA- -. · -- MEAN POWER MEAN POWER MEAN POWER 
CONQ[ION FRroJENCY PROBABILITY FORNORNrAL FOR READING FORG5'\JERAL 
VALUE SUBJECTS PROBLEM PROBLEM 
SUBJECTS SUBJECTS 
QUIET 5HZ 0.09 4004 3424 3005 
QUIET 6HZ 0.09 3545 2890 2347 
READ 5HZ 0.05 4720 3888 " 3177 
READ 8HZ Q_02 3635 6194 2~97 
READ 9HZ 0.09 2915 4204 2033 
MATH 6HZ 0.03 3311 3709 2355 
STORY 8HZ 0.04 3244 5607 2903 
As was seen at site OZ, mean EEG powe.rs at PZ for the, quiet 
and read conditions at 5 and 6 Hz are smaller for the · general 
problem subjects than for the normals. The same pattern is seen for 
the math condition. In the read and story conditions, however, the 
mean EEG power is much higher in the 5 to 9 Hz region for the 
subjects with reading problems as compared to the other ' two 
groups. 
With respect to the EEG data recorded from site CZ, there were 
no interesting relationships for the story and read stimulus 
conditions, but many interesting relationships were found for the 
other conditions. These are shown on Table 8 
.· 
TABLE 8. INTERESTING EEG POWER VERSUS ACADEMIC 
CLASSIFICATION RELATIONSHIPS FOR ELECTRODE SITE CZ 
· - - STIMtllUS ----EE3 ANOVA- -MEAN POWER MEAN POWER MEAN POWER 
·· ooNQm!::i~ .... -FRECIJENCY PROBABILITY FOR NORrvlAL FOR READING .. FOR GENERAL 
~ SUSJECTS PROBLEM PROBLEM 
SUBJECTS SUBJ=CTS 
QUIET 4HZ 0.06 4168 6000 5542 
QUIET 8HZ 0.02 1735 2808 3000 
QUIET 9HZ 0.04 1412 2352 2089 
QUIET 10HZ 0.09 1240 2035 1548 
MATH 16HZ 0.07 595 952 672 
MATH 17HZ 0.02 536 908 656 
MATH 19HZ 0.02 462 869 663 
MATH 20HZ 0.05 476 703 746 
MATH 21HZ 0.04 431 739 595 
MATH 22HZ 0.03 422 790 580 
MATH 23HZ 0.06 411 560 450. 
MATH 25HZ 0.07 383 636 . 550 
MATH 28HZ 0.05 383 762 535 
MATH 30HZ 0.05 389 753 450 
COPY 11 HZ 0.08 1037 1493 1369 
COPY 18HZ 0.07 658 1016 967 
COPY 19HZ 0.05 636 1004 922 
COPY 20HZ 0.09 629 1025 946 
COPY 21HZ 0.03 593 952 942 
COPY 23HZ 0.05 588 906 921 
COPY 24HZ 0.05 559 977 908 
COPY 25HZ 0.05 554 976 945 
COPY 26HZ 0.03 532 977 878 
COPY 27HZ 0.08 545 801 881 
COPY .28HZ o·.os 533 911 857 
COPY 29HZ 0.05 546 901 879 
COPY 30HZ 0.02 530 934 874 
COPY 31 HZ 0.05 138 225 207 
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The data in this Table show a pattern of increased low-to mid.., 
frequency mean EEG power. for the reading and general problem 
groups in the · quiet condition. In the math and copy ·conditions, 
howeve-r,'tnese· two groups sliow- a:- patte.rn .of considerably high,er 
mean EEG 'power at high frequencies as compared to the normal 
group. If high frequency EEG activity is relat~d to increased mental 
problem solving effort, this suggests that the normal subjects did 
not have to work as hard during. the math and copy tasks as did the 
subjects in the other two groups. 
Analyses Based on Relative EEG Powers 
. . 
Using actual EEG powers many not be the best way to consider 
the data, because some subjects had very high EEG powers at all 
frequencies and this could have had a disproportionate effect on the 
mean values for their groups. To remove this effect, the actual EEG 
power data for each subject were converted to relative values by 
expressing the powers at each frequency as percentages of the total 
power represented in the frequency range from 4 to 31 Hz. Analyses 
similar to those described above were used to determine if there 
were interesting relationships between relative EEG powers and 
academic classifications for any of the stimulus condition-
electrode site-frequency combinations. 
For electrode site OZ, interesting relationships were found for 
each of the s t imulus conditions. These relationships are shown in 
Table 9. 
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TABLE 9. INTERESTING EEG RELATIVE POWER VERSUS ACADEMIC 
CLASSIFICATION RELATIONSHIPS FOR ELECTRODE SITE OZ 
- . srr~oq::rs--·-- ;- EEG 
CONDITION FBEaJEI\CY 
QUIET 14HZ 
READ 5HZ 
MATH 14HZ 
MATH 19HZ 
MATH 20HZ 
MATH 21HZ 
MATH 22HZ 
MATH 23HZ 
MATH 25HZ 
MATH 29HZ 
STORY 13HZ 
STORY 14HZ 
STORY . 16HZ 
COPY 6HZ 
COPY 12HZ 
ANOV A-- - - - MEAN 
Pf\CJBAB!UTY RELATlVE .... 
YAL!.J.E PONER FOR 
0.09 
0.01 
0.07 
0.03 
0.09 
·o.o1 
0.09 
0 .04 
0.04 
0.06 
0.05 
0 .06 
0 . 08 
0.06 
0.06 
NORMAL 
SUBJECTS 
3.27 
11.40 
3.61 
2. 07 
. 1.89 
1.91 
1 . 80 
1.73 
1. 79 
3.78 
3 .4 5 
2.68 
5.12 
4.08 
MEAN 
RELATIVE 
POIVERFOR 
READING 
PROBLEM 
SUBJECTS 
2.80 
9.29 
3.12 
2.58 
2.30 
2.26 
2.47 
2.37 
2.38 
3.16 
3 . 05 
3.18 
4 .23 
4.11 
MEAN 
RELATIVE 
PONERFOR 
GENERAL 
PROBLEM 
SUBJECTS 
2.68 
8.69 
2.88 
2.59 
2.60 
2.29 
2.33 
2.41 
2.30 
2. 51 
3., 1 
2 .77 
2 .55 
4.78 
3.59 
For the math task, the pattern of interesting · results was 
somewhat scattered, but there was a tendency for the subjects with 
reading and general problems to produce more of their EEG power at 
high frequencies, as compared to the normal subjects. Again this 
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might suggest that they were working harder on this task than the 
normals. 
The interesting relationships for electrode site PZ are shown 
TABLE 10. INTERESTING EEG RELATIVE POWER VERSUS ACADEMIC 
CLASSIFICATION RELATIONSHIPS FOR ELECTRODE SITE PZ 
STIMULUS 83 ANOVA MEAN MEAN MEAN 
QQNQ[!Qts FREa.JB\CY PROBABILITY RELATIVE RELATIVE RELATIVE 
YALUE PCM/gRFOR PCM/ERFCfl PCWERFOR 
NORMAL READING GENERAL 
SUBJEQTS PROBLEM PROBLEM 
SUBJECTS SUBJECTS 
QUIET 13 HZ 0.08 2.80 2 .20 2.30 
QUIET 14HZ 0.05 2.70 2.00 2.20 
READ 4HZ 0.05 15 .20 12. 50 17 .70 
READ 5HZ 0 . 03 11.40 9.70 10.70 
READ 8HZ 0.05 8.00 12 . 30 7.80 
MATH 14HZ 0.07 3 .61 3 . 12 2.88 
MATH 19HZ 0.05 "1.50 2.00 2.00 
MATH 20HZ 0.05 1.50 1.60 2.00 
STORY 8HZ 0.04 7.20 10 .80 7 .20 
STORY 13HZ 0.04 3.10 2.40 2.40 
STORY 14HZ 0.04 2.80 2 . 30 2 .20 
For electrode site PZ, the pattern of interesting relationships 
in the relative EEG data is · mixed, with no major trends. 
For electrode site CZ, the interesting relationships in the 
relative EEG data are shown on Table ; ; . 
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TABLE i 1. INTERESTING EEG RELATIVE POWER VERSUS ACADEMiC 
CLASSIFICATION RELATIONSHIPS FOR ELECTRODE SITE CZ 
--STfMLJCUs~-:- ~ :-833 -··· tif.JQITA-_ - ... MEAN MEAN MEAN 
CONDITIO~ FRECUBI.CY PROBABILITY · RELATIVE RELATIVE RELATIVE 
~ PQNERFOR PONERFOR PONERFOR 
NORMAL READING GENERAL 
SUBJECTS PROBLEM PROBLEM 
SUBJECTS SUBJECTS 
QUIET 8HZ 0.05 6.00 7.50 8 .60 
QUIET 10HZ 0.06 3.90 5.60 . 4 .60 
MATH 17HZ 0.07 1. 80 2.20 1 .80 
MATH 19HZ 0.04 1.50 2.00 1.80 
MATH 21HZ 0.09 " 1.40 1.90 .1 .50 
As with the previous comparisons, there is a suggestion that 
the subjects with reading and general problems are working harder 
on the math task as in2licated by fact that their proportion of high 
frequency EEG activity is greater than the corresponding proportion 
for the normals. 
Analyses Based on Actual EEG Powers Divided Into Bands 
Because the frequency-by-frequency analyses did not show any 
significant relationships between EEG powers and academic 
classifications, the EEG spectra were divided into alpha, theta, and 
beta bands. Th is "broad~band" analysis was used because of the 
possibility that some subjects might produce their alpha at a 
certain frequency (e.g., 10 Hz) whereas other subjects might produce 
their alpha at a somewhat different frequency (e.g., 12 Hz). This 
could mean that a trend toward higher (or lower) alpha powers for 
one group of subjects would be missed unless the power in the 
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entire alpha· band was integrated. Similar arguments could be made 
for the theta and beta bands, so the powers in these bands were also 
integrated for each subject. 
· Anafy:Ses~of varian_ce we-re~-usea for. to. search for relationships 
between the academic classifications, and the actual and relative 
. EEG powers divided into theta ( 4 to 7 Hz}, alpha (8 to 13 Hz), and 
beta (14 to 31 Hz) bands. Using ANOVA analyses as described above, 
only a few interesting relationships were found (Table 12). 
TABLE 12. INTERESTING EEG BAND POWER VERSUS ACADEMIC 
CLASSIFICATION RELATIONSHIPS FOR ELECTRODE 
SITES OZ, PZ. AND CZ 
STIMULUS ELECTRODE EE3 ANOVA 
CONDITION SITE FREQUENCY PROBABIL:TY 
BAND VALUE 
QUIET ALPHA 0.10 
READ THETA 0.06 
a.J!ET PZ ALPHA 
READ PZ AL.PHA 0.07 
QUIET cz AL..PHA 0.07 
MATH cz BETA 0.06 
OJPY cz BETA 0.06 
MEAN 
TOTAL 
POWER FOR 
NORMAL 
SUBJECTS 
11544 
15204 
12356 
122275 
6965 
8077 
10737 
MEAN 
TOTAL 
PONERFOR 
READING 
PRoBLEM 
SUBJECTS 
12155 
12926 
15448 
16388 
10368 
13447 
16895 
Few if, any, obvious patterns emerge from this Table. 
Analyses Based on Relative EEG Powers Divided Into Bands 
MEAN 
TOTAL 
POWER COR 
GENERAL 
PROBLEM 
SUBJECTS 
7823 
10313 
99144 
90115 
9443 
10668 
9587 
To determine· if the data shown in the actual power Table was 
biased because of some subjects with very large or small EEG 
powers, the analyses were repeated for the relative powers in the 
54 
theta, alpha, and beta bands. No interesting relationships with 
probability levels of 0.10 or .less were found. Thi$ suggests that 
either the interesting relationships for the actual EEG powers were 
causec( by--a few-subjects, or -fflaf cOn-sidering Jhe EEG power data in 
bands rather than 1.0 Hz at a time dilutes any interesting effects to 
the . point that they · were no longer detectable with the ANOVAs. 
Analyses Based on Normalized EEG Powers 
Next, the relative powers at each frequency were normalized 
by using ·the formula suggested by PrictleJJ and John: 
Transformed power = LN (Relative power at a specific frequency I (1 00 - Relative 
power at that frequency)) (Formula 1) 
Then the normalized powers were converted to Z scores by using the 
mean and standard deviation from the normal subjects only. To do 
this, .the mean and standard deviation of the normal population was . 
calculated frequency by frequency for each stimulus condition-
electrode site combination. The means and standard deviations for 
the normal subjects were used to calculate the Z-score deviations 
for the reading and general problem subject groups. Again, ANOVAs 
were used to compare the Z-scores for the groups; because the Z-
scores for the normal group were used as standards, the means for 
this group should be as near 0.0 as rounding allows. For electrode 
site OZ there were several interesting relationships as shown on 
Table 13. Note that a negative mean Z-score indicates that the 
average power was less than the mean power for the normal group. 
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TABLE 13. INTERESTING RELATIVE EEG POWERS TRANSFORMED TO Z-
SCORES VERSUS ACADEMIC CLASSIFICATION RELATIONSHIPS FOR 
ELECTRODE SITE OZ 
stfMums-
coNomON 
MATH 
MATH 
MATH 
MATH 
MATH 
STORY 
STORY 
COPY 
COPY 
EE3 
FREO-ENCY 
14HZ 
19HZ 
23HZ 
25HZ 
29HZ 
5HZ 
13HZ 
6HZ 
12HZ 
. ANOVA-.. -. -- .- _ MEAN_ _ __ _ 
PROBABILITY Z·SCORE FOR 
~ NORMAL 
0.09 
0.05 
0.04 
0 . 04 
0.10 
0.02 
0.07 
0.08 
0.07 
SUBJECTS 
0.00 
0.00 . 
0.00 
0~00 
0.00 
0.00 
0.00 
0.00 
0.00 
MEAN MEAN 
2:-SCORE FOR .. Z~SCORE FOR 
READING GENEPAL 
PROBLEM PROBLEM 
SUBJECTS SUBJECTS 
·0.33 
0.65 
0.68 
0 .72 
0.56 
-0 . 60 
-0.48 
-0.65 
-0.09 
-0 . 55 
0.73 
0 .72 
0.64 
0.65 
-0 .85 
-0 .55 
-0 .27 
-0.57 
For electrode site PZ, the interesting relationships are 
summarized in Table 14. 
TABLE 14. INTERESTING RELATIVE EEG POWERS TRANSFORMED TO Z-
SCORES VERSUS ACADEMIC CLASSIFICATION RELATIONSHIPS FOR 
ELECTRODE SITE PZ 
STIMULUS 
CONOrTION 
READ 
READ 
MATH 
MATH 
STORY 
STORY 
STORY 
EE3 
FREQJENCY 
4HZ 
5HZ 
19HZ 
20HZ 
8HZ 
13HZ 
14HZ 
~~OVA MEAN 
PROBABILITY Z-SCORE FOR 
VALUE NORMAL 
0 .05 
0.05 
0.05 
0.10 
0.08 
0 .08 
0.10 
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SUBJECTS 
0.00 
0 .0 0 
0.00 
0 . 0 0 
0.00 
0 . 00 
0.00 
M:=AN MEAN 
Z-SCORE FOR Z-SCORE FOR 
READING ' GENEPAL 
PROBLEM PROBL6M 
SUBJECTS 
·0.63 
-0.82 
0. 68 
0.71 
0.81 
-0 . 5 4 
-0.45 
SUBJECTS 
0.37 
-0 .22 
0.72 
0. 7 5 
-0.1 3 
-0.48 
-0 . 49 
For electrode site CZ, the interesting relations are 
summarized in Table 15 . 
. . ------ ·----
- - ·---~- - --
TABLE 15. INTERESTING RELATIVE EEG POWERS TRANSFORMED TO Z-
SCORES VERSUS ACADEMIC CLASSIFICATION RELATIONSHIPS FOR 
ELECTRODE SITE CZ 
STIMULUS EB3 ANOVA MEAN MEAN MEAN 
CONorno~ FRECUENCY PROBABILITY Z-8COREFOR Z-SCOREFOR Z-SCOREFOR 
VALUE NORMAL READING GEI\JEr::{AL · 
SUBJECTS PROBLEiv1 PROBLEiv1 
SUBJECTS SUBJECTS 
QUIET 8HZ 0.07 o,oo 0.41 0.62 
QUIET 9 i-IZ 0.09 0.00 0.48 0.53 
QUIET 10HZ 0.06 0 .00 0 .63 0.44 
QUIET . 20HZ 0.08 0.00 0 . 52 0.47 
MATH 10HZ 0. 10 0. 0.0 ·0 .70 -0.3 1 
MATH 17HZ 0.10 0.00 0.67 0 . 12 
MATH 19HZ 0.05 0.00 0 .86 0.53 
MATH 21 HZ 0 .1 0 0 .00 l.33 0.88 
MATH 22HZ 0.10 0.00 0.71 0.41 
MATH 25 HZ 0.1 0 0. 00 0.56 0 .52 
As was seen in the previous analyses, there is a scattering of 
interesting relationships . for several of the stimulus conditions. The 
most consistent set of relationships involve higher than normal · ~­
scores in the 17 to 25 Hz region for the reading and general problem 
subjects. 
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Analyses Based on Normalized EEG Power Divided Into Bands 
Mean EEG Z-scores were divided into theta, alpha, and beta 
bands using the frequency limits described above . For electrode . 
-- sites OZ arrd-- Pz,--- no tntere-sting-re-1-ationships between the stimulus 
conditions and the academic groups. For _ electrode site CZ, there 
was an interesting relationship in the alpha band (p=0.07). In the 
quiet condition, the mean Z-scores for the reading and general 
problem subjects were 0.47 and 0.56, respectively, indicating that 
the subjects in these groups produced considerably more alpha than 
did the normals_ 
Analyses Based on Patterns of Normalized EEG Power Divided Into 
Bands 
i· The suggestion has been made that it is not the power at any 
particular frequency (or in any particular band) that relates to 
reading ability, . but it is pattem of alpha:, beta, and theta activities 
that is important. For example, it is possible that a subject with 
high alpha, high theta, and low beta activity might have reading 
problems, whereas a subject with low alpha, low theta, and high 
beta activity would not.- Therefore, 9 different patterns of activity 
were selected following the suggestion of Prichep and Joh!'J.. These 
patterns are described in Table 16 below. In the Table, the terms 
"higher," "lower," or "equal" refer to the EEG band directly to the left. 
For example, if an "equal" appeared in a cell in the -alpha column, it 
would mean that the mean Z score for the alpha band was 
approximately the same as the mean Z score for the theta band. In 
the theta column, the term "equal" is · entered in all cells because 
this column is used as a standard. 
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TABLE 16. PATIERN DESIGNATIONS FOR THETA, ALPHA, AND BETA 
MEAN Z SCORES 
PAUERf'.J_ 
DESIGNATIOr-:J 
- 1 
2 
3 
4 
5 
6 
7 
8 
9 
_;_ 
THETA 
EQUAL 
EQUAL 
EQUAL 
EQUAL. 
EQUAL 
EQUAL 
EQUAL 
EQUAL 
EQUAL 
-
ALPHA 
LOWER EQUAL 
EQUAL HIGHER 
HIGHER LOWER 
LOWER HIGHER 
. ,LOWER LOWER 
HIGHER HIGHER 
HIGHER EQUAL 
EQUAL LOWER 
EQUAL EQUAL 
A total of fifteen contingency tables were constructed (one for 
each stimulus condition-electrode site combination) to determine if 
the EEG patterns were related to the subjects' academic test 
classifications. No significant relationships were found; patterns in · 
the EEG spectra were not significantly related to the subjects' 
academic classifications. 
Analyses of Data from Individual Subjects 
Although analyses of mean data from subjects grouped ori the 
basis of academic test performance was not especially useful, it is 
possible that the EEG spectra from individual subjects could be used 
for diagnostic purposes. For example, it has been suggested that 
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subjects with attention deficit problems produce too much alpha or 
theta and not enough beta when they attempt to concentrate. To 
. . 
evaluate this as a possible cause of reading problems , relative 
·- ·amplitu·de-· tatios . were. calculat:e,·d -tor ~ac_!]_ subject-::.;tirl}ulus 
condition-electrode site combination. These values were then 
converted to Z-scores by using the mean and standard deviation of 
· the data from the normal subjects. Reading and general academic 
problem subjects who had a pattern of alpha or beta amplitudes, or 
theta to beta ratios that were at least 1.5 standard deviations were 
considered individualfy . 
Excessive Alpha Activity 
The most interesting and consistent data came from electrode 
site OZ. Many subjects had one or two stimulus conditions in which 
their alpha: amplitudes exceeded the 1.5 standard deviation criterion, 
but only one subject had high alpha leveis in 3 or more conditions. 
This subject was in the general problem group, but there was 
nothing unique about his performance on the Peabody or academic 
tests. The fact that only a single subject had consistently high 
alpha levels suggests that looking for alpha levels might not be an 
efficient method of detecting subjects with reading ·or learning 
problems. 
Excessive Beta Activity 
In the normal group, 2 of the 32 subjects had high beta levels 
in 3 or more conditions. In the reading and general problem 
populations, however, 9 of the 31 subjects had beta levels over 1.5 
standard deviations from the normal subjects' mean in 3 or more 
stimulus conditions. Eight of these subjects had high beta levels in 
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the math condition, . whereas only 2 of the normals had high levels in 
.this condition. Other results are summarized in Table 17. 
_TABLE_17_~_PE8CENTAGES QE_S_U_BJECTS WITH BETA AMPLITUDES 
OVER 1.5 STANDARD DEVIATIONS FROMTHE-MEAN OF THE NORMAL 
POPULATION (ELECTRODE SITE OZ) 
(All values are in percent.) 
COMBINED. 
READING 
AND 
GENERAL 
READING GENERAL PROBLEM 
NORMAL PROBLEMS PROBLEMS SUBJECT 
. SUBJECTS SUBJECTS SUBJECTS GROUPS 
(N=32) . (N=·14) ( N= 17) (N=31) 
COPY 3 7 6 6 
MATH 6 29 24 26 
QUIET 3 14 · 6' 10 
READ 0 21 1 8 1 9 
STORY 9 21 1 8 1 9 
If beta levels indicate the degree of mental effort that 
subjects are committing to the different stimulus conditions, these 
data suggest that the subjects with reading or general problems are 
working harder than the normal subjects, especially. in the math .and 
reading conditions, rt is possible that the measurement of befa 
levels might form . the basis of a test to predict which subjects were 
having more than a normal amount ·of difficulty with selected visual 
' • 
or cognitive tasks. 
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Excessive Theta/Beta Ratios 
Many researchers hav~ found. that a high level of theta activity 
combined with reduced activity in the beta band is associated with 
attention--aeficirprobJerris. · W woT1TCf::-be expected subjects with 
attention deficits would have trouble with reading and other tasks . 
that require sustained concentration and focusing of attention for 
extended periods of time. Two subjects., both in the g~neral problem 
category, showed high theta/beta ratios in 4 of the 5 stimulus 
conditions. The pattern of theta/beta ,ratios over 1 .5 standard 
deviations from the normal mean is shown on Table 18. 
J. 
TABLE 18- PERCENTAGES OF SUBJECTS WITH THETNBETA 
AMPLITUDES OVER 1.5 STANDARD DEVIATIONS FROM THE MEAN OFTHE 
NORMAL POPULATION (ELECTRODE SITE OZ) 
(All values are in percent.) 
COMBINED 
READING 
AND 
GENERAL 
READING GENERAL PROBLEM 
NORMAL PROBLEMS PROBLEMS SUBJECT 
SUBJECTS SUBJECTS SUBJECTS GROUPS 
(N-32) (N=i 4) (N=17) (N-31) 
.. 
(X)py 
-6 0 1 2 6 
MATH 6 0 6 3 
QUIET 9 0 1 8 1 0 
READ 0 0 1 2 6 
STORY 9 0 12 6 
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Based on these data, is unlikely that attention deficit 
problems were major reasons why subjects in the reading problem 
group had difficulties . 
----- -
-stJMMtrRY 
This project was designed to explore possible relationships 
between academic problems and EEG spectra. Specifically, the 
goals were to search for correspondence between performance on 
standardized academic tests and EEG spectra in grouped data, and in 
data from individual subjects. The existence of such relationships 
would provide clues rega[ding the etiology of the subjects' academic 
problems and could facilitate the development of an objective 
definition for specific readi'ng problems including dyslexia. · 
The EEG spectral data were analyzed in three forms: raw power 
values, relative power values , and Z-score values. Raw data 
analyses reflect the actual EEG powers , but can be influenced unduly 
by a few subjects with very high powers. Transforming the data to 
relative yalues removes this potentially contaminating effect, and 
converting the data to Z-scores allows normalized comparisons of 
data from the reading and general problem groups to the data from 
the normals. These transforms are consistent with other ,analysis 
approaches in the literature.69-79 
With respect to the raw data analyses, the most interesting 
relationships (those with probabilities of 0.10 or less) were found 
at electrode site CZ (on the top of the head). At this location, EE G 
power in the beta region was consistently higher fo r reading and . 
general problem subjects on the math and copy tasks (Table 8). ·If 
high frequency activity indicates mental effort, these data suggest 
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that the reading and general problem subjects were working harder 
at these tasks than were the normals. Although this relationship is 
suggestive, it is not confirmed strongly when EEG data are divided 
into--5a-:-ndS:{Table J2~. - ___ . - ---
For relative power values, there is again the suggestion that 
problem subjects have increased activity at high frequencies during 
math tasks (Table 1 0), but the effect is lost when spectra are 
divided into theta, alpha, and beta bands. 
Norma:Jized Z-score data also show somewhat greater- activity 
for the problem patients at higher frequencies for the math task 
(Tables 13-15), but this effect was lost when data were divided into 
bands, just as it was for the relative data. 
In general, the EEG spectral analyses· for the raw, relative, and 
normalized data did not reveal- any significant patterns that could be 
used to separate subjects into groups beyond a tendency for subjects 
with -problems to have somewhat more high frequency activity on 
math tasks. The pattern of high theta and low beta activity 
suggesting an attention deficit did not emerge strongly in the 
problem subject group, nor did a pattern of high alpha activity 
suggesting an inability to concentrate . 
. With respect to analyses of individual subject data, one 
subject with general problems showed very high OZ alpha, 20 to 30% 
of the problem subjects had high beta amplitudes, and about 14% of 
the general problems had high theta to beta ratios that might 
suggest an attention problem. Unfortunately no other variables 
correlated with these findings, making them hard to interpret. 
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ln retrospect, .perhaps given- the many factors that can cause 
reading and general academic problems, it was naive to expect that 
grouped data would show significant trends. Perhaps it was also 
--na1ve to -expect-tnat me resultsfouncr by. John, et al. ss 73 and by 
Duffey, et a!.,79 could be replicated by using only three electrode 
sites on. the midline of the head. For these reasons, future projects 
should involve the use of many more electrode sites and patient 
populations with more specifically defined reading problems, e.g., 
those with dyslexia as defined by a specific test,eo or attention 
deficit patients as deti'ned by a neuropsychological battery. 
65 
REFERENCES 
· · ---~~!_~~~~_:_~_.9-~~rd. _ln:Benton A, Pea~! D, e~s. Dyslexia: An appraisal of current 
knowledge. New York: Oxford University Press. 1978:-v-vii 
2Lehmkuhle S, Garzi~ R, Turner L, et a!. A defective visual pathway in children with 
reading · disability. New Eng J Med. 1993 Apr; 328(14): 989~996_ 
31nouye D, Sorenson M. Profiles of dyslexia: The computer as an instrument of vision. 
In: Gray D, Kavanaugh J. eds. Biobehavioral measures of dyslexia. Parkton,MD: York 
Press . . 1985: 297-321 
4Johnson D, Zecker S. Visual processing and dyslexia. In: Stein JF, ed. Vision and visual 
dyslexia, vol 13. 1991: 132-140 
5Rutter M. Prevalence and types of dyslexia. In: Benton A, Pearl D, eds. Dyslexia: An 
appraisal of current knowledge. New York: Oxford University Press. 1978: 5-28 
6Kamhi A. Response to historical perspective: A developmental language perspective. J 
·Learn Disabilities 1992 Jan; 25(1 ): 48-52 
7Benton A. Some conclusions about dyslexia. In: Benton A, Pearl D, eds. Dyslexia: An 
appraisal of current knowledge. New York: Oxford University Press. 1978: 451-476 
schristenson G, Griffin J, Wesson M. Optometry's role in reading disabilities: resolving 
the controversy . JAOA 1990 May; 61(5): 363-372 
9McManus I. The genetics of dyslexia. ln: Stein JF, ed. Vision and visual dyslexia, vol 
13. 1991: 94-112 
1 Ostein J. Visuospatial sense, hemispheric asymmetry and dyslexia. In: Stein JF, ed. 
Vision and visual dyslexia, vol 13. 1991: 181-195 
11 Richardson S. Historical perspectives on dyslexia. J Learn Disabilities. 1992 Jan; 
25(1): 40-47 
66 
12Benton A. Dyslexia and visual dyslexia. In: Stein JF, ed. Vision and visual dyslexia, vol 
13. 1991: 113-131 
13Satz P, Morris R, Fletcher J. Hypotheses, subtypes, and individual differences in 
dyslexia: some reflections. In: Gray D, Kavanaugh J. eds. Biobehavioral measures of 
dyslexia.. Parkton,MD: York Press. 1985: 25-40 
14Doehring D. The tangled web of behavioral research on developmental dyslexia. In: 
Benton A , Pearl D, eds. Dyslexia: An appraisal of current knowledge. New York: Oxford 
University Press. 1978: 125-135 
15Vellutino F. Toward an understanding of dyslexia. In: Benton A, Pearl D. eds. Dyslexia: 
An appraisal of current knowledge. New York: Oxford University Press. 1978: 63-111 
16Yule W, Rutter M, Berger M, et al. Over- and under-achievement in reading: 
d istribution in the general population. Br J Educ Psycho! 1974 44: 1-12 
17Shaywitz S, Shaywitz B, Fletcher J, et al. Prevalence of reading disability in· boys and 
girls : results of the Connecticut Longitudinal S tudy. JAMA 1990; 264: 998-1002 
1Bsteadman L, Kaestle C. Literacy and reading performance in the USA from 1880 to the 
present. Reading Res Q. 1987; 22:8-46 
19Shaywitz S, Escobar M, Shay.witz 8, et al. Evidence that dyslexia may re~resent the 
lower tail of a normal distribution of reading ability. New Eng J Med. 1992; 326; 145-
150 
20Fackelmann K. Dyslexia: New tv.•ist on word blindness. Science News Jan 18; 14: 36-
37 
21Benton A. Dysl~xia and visual dyslexia. In : Stein JF, ed. Vision and visual dyslexia, val 
13. 1991: 113-131 
67 
22McManus I. The genetics of dyslexia. In: Stein JF, ed. Vision and visual dyslexia, val 
13. 1991: 94-112 
--23();-~~ F; Dy~~xi~-Genetic Aspects. -- ln: Benton A, PearLD, eds. Dyslexia:/ An .appraisal of 
current knowledge. New York: Oxford University Press. 1978: 267-284 
24Solan H Dyslexia: A biological perspective. J Behav Optom. 1994;5(2): 37-40 
25Larsen J, Hoien T, Lundberg ·j, et al. MRI evaluation of the size and symmetry of the 
planum temporal in adolescents with developmental dyslexia. Brain and Language. 1990:. 
1- 1 2 
26Ftowers L. Brain basis for dyslexia: summary of work in progress. J Learn 
Disabilities. 1993 Nov; 26(9): 575-582 
27Solan H Dyslexia: A biological perspective. J Behav Optom. 1 994;5(2):37-40 
2BSmith D, Deshler D Hallahan D, et al. Minimum standards for the description of 
subjects in learning disabilities research reports. Learning Disability 0. 1 984;7: 221-
225 
29Hammill K, Bryant B, Brown L, et al. How replicable is current LD research? A 
follow up to the CLD Research Committee's recommendations. Learning Disability 0. 
1989;12: 173-179 
"'·. 
30Gresham F; Evans J. Recent developments in electrophysiological measurement: 
implications for school psychology. Psych in the Schools. 1979 Apr; 16(2): 314-321 
3i Pedley T, Traub R. Physiological basis of the EEG. In: Daly D, Pedley T. eds. Current 
Practice of Clinical Electroencephalolgraphy. New York, Raven Press. 1990: 107-137 
32Adrian E. Afferent discharges to the cerebral cortex from peripheral sense organs. J 
Physio logy. 1939;100: 159-191 
68 
/ 
.. 
33Shuttlesworth D. Neurometrics: An introduction. Introduction to Brainmapping and 
Neurometrics. Caldwell Laboratories Inc 1987 
--34Jasper H .. Report of fhe. comriiirlee- of mett1oas ot clinical examination _in 
electroencephalography. EEG Journal. 1958;1 O: 370 
35Dempsey, E, Morison R The production of rhythmically recurrent cortical potentials 
after !ocalozed thalamic stimulation. Am J Physiol. 1942; 135: 293-300 
36Bishop G, Clare M. Sites of origin of electrical potentials in striate cortex. J · 
Neurophysiol. 1952; 15: 201-220 
37Li C, Jasper H. Microelectrode studies of the electrical activity of the cerebral cortex 
in the cat. J Neurophysiol. 1 952; 121: 117-140 
38Andersen P, Anderson S. Physiological bases of the alpha rhythmn. New York, 
Appleton-Century-Crofts. · 1968 
39Kellaway P. An orderly approach to visuai analysis: characteristics of the no"rmal EEG 
of adults and children. In: Daly D, Pedley T. eds. Current Practice of Clinical 
"Eiectroencephalolgraphy. New York, Raven Press. 1990: 139•199 
40Wertheim A. Occipital alpha activity as a measure of retinal involvement in 
oculomotor control. Psychophysiology. 1981 ;18: 432 
41Thompson R. Introduction to physiological psychology. New York, Harper and Row. 
1975 
42Garzia R, Sesma M. Vision and reading 1: Neuroanatomy and Electrophysiology. J 
Optom Vision Development 1993 Spring;24: 4-51 
43Kallaway P. An orderly approach to visual analysis: characteristics of the norma! EEG 
of adults and children. In: Daly D, Pedley T. eds. Current Practice of Clinical 
' 
Electroenceph?lolgraphy. New York, Raven Press. 1990: 139-199 
69 
44Pedley T, Traub R. Physiological basis of the EEG. In: Daly D, Pedley T. eds~ Current 
Practice of Clinical Electroencephalolgraphy. New York, Raven Press. 1990: 107-137 . 
--:-45}(asamats·u-.A, .Hirai .T". Ari electroenc·e-phalolgraphic study of Zen meditation. 
Psychologia 1969;12: 205-225 
46Fried .R. What is theta? Biofeedback and Self-Regulation. 1993 March;18(1): 53-
57 
47Gerson I, Barnes T, Mannino A. eta!. EEG of children with various learning problems. 
I. Out-patient study. Diseases of the Nervous System 1972;33: 170-173 
481ngram T, Mason A, Blackburn I. A retrospective study of 82 children with reading 
disability. Developmental Medicine and Child Neurology. 1970;12: 271-281 
49Burks H. The effect on learning of brain pathology. Exceptional Children 1957;24: 
1.6 g -1 7 4 
50SJack F. EEG and birth abnormalities in high and low-perceiving reading retarded 
children. J Genetic Psychology 1 972;121: 327-332 
51 Pavy R, Metcalfe J. The abnormal EEG in childhood communication and behavior 
abnormalities. Electroencephalography and Clinical Neurophysiology 1965;19: 414 
52Hughes J, Park G. The EEG in dyslexia. In: Kellaway P, Petersen l.eds. Cl!nical 
Electroencephalography of Children . Almqvist & Wiksell. 1968 
53Hughes J. Electroencephalography and learning disabilities. In: Myklebust H. ed. 
Progress in Learning Disabili ties New York, Grune and Stratton. 1971 
54stevens J , Sachdev K, Milstein V. Behavior disorders of childhood and the 
electroencephalogram. Archives of Neurology 1968; 18: 160-177 
55stores G. Studies of attention and seizure disorders. Developmental Medicine and Child 
Neurology 1973; 15: 376-382 
70 
56Lairy G, Harrision A. Functional aspects · of EEG foci in children: Clinical data and 
longitudinal studies. In: Kellaway P, Petersen Leds. Clinical Electroencephalography of 
-ChiJdren. _ Almi+visf .&. Wikse!l: .J968-. --~~. --- · ·· · 
57Hughes J. Electroencephalographic and neurophysiological studies in dyslexia. In: · 
Benton A. Pearl D, eds. Dyslexia: An appraisal of current knowledge. New York: Oxford 
University Press. 1978: 207-240 
58Kinsbourne M. Min imal brain dysfunction as a neurodevelopmental lag. In: Da La Cruz 
F, Fox B, Roberts R, eds. Minimal Brain Dysfunction-. New York: New York Academy of 
Sciences : 1973: 268-273 
59Eeg-O!afsson 0. The development of electroencephalogram in normal children and 
adolescents from the age 1-21 years. ACTA Paediatrics Sc<md. Suppl. 1970: 208 
60Torres F. Ayers F. Eva!uattion of the electroencephalogram of dyslexic children. 
Electroencephalography and Clinical Neurophys iology. 1968;24: 281-294 
61 Volterra V, Giordani L. Considerazioni electrocfiniche su 193 soggetti con EEG 
caratterizzato da punte e punte-onda in regione occipitale. Geornali Di Psichiatria and Di 
Neuropato!ogia. 1966;94: 337-373 
62Hughes J. Evaluation of electrophysio!ogical studies of dyslexia. In: Gray 0, 
Kavanaugh J. eds. Biobehavioral measures of dyslexia. Parkton,MD: York _ Press. 1985: 
71-8 6 
63Roudinesco J, Trelat M, Tn§ J~t J. Etude de quarante cas de dy!exie d'evolution. Enfance 
1950;3: ·1-32 
64Webb E, Lawson L. The EEG in severe speech and reading disabilities of childhood. 
Electroencephalography and Clinical Neurophysiology. 1956;8: 168 
65Sklar B, Hanley J, Simmons W. An EEG experiment aimed toward identifying dyslexic . 
children . Nature 1972;241 : 41 4-416 
71 
.. 
66Haney J, Sklar B. Electroencephalographic correlates of developmental reading 
dyslexics: Computer analysis of recordings from normal and dyslexic children_ In 
- Leisma:n--G.ed:-BasicVisual Pr?cess-·and-Learriing Disability. Springfield Ill: Charles c 
Thomas, 1 976 
67Colon _E, Notermans S, deWeerd J, et al. The discriminating role of EEG power spectra 
in dyslexic children. J Neurology 1979;221(4): 257-262 
68Conners C. Critical review of "Electroencephalographic and neurophysiological 
studies in dyslexia" In: Benton A, Pearl D, eds.--Dyslexia: An appraisal of current 
knowledge. New York: Oxford University Press. 1 978: 251-261 
69John E, Prichep l, Ahn H, et al. Neurometric evaluation of cognitive dysfunctions and 
neurological disorders in children. Progress in Neurobiology. London: Pergammon Press 
Ltd. 1 983;vol 21: 239-290 
70John E. Karmel W, Easton D, et al. Neurometrics. Science 1977 June; 196(4297): 
1393-1410 
71John E. Functional Neuroscience: Clinical applications of quantitative 
electrophysiology. Hillsdale, N.J.: Lawrence Erlbaum Associates, 1977 
72John E, Prichep L, Ahn, H, et a!. Neurometrics: Quantitative electrophysiological 
analysis for diagnosis of learning disabilties and other brain dysfunctions. t;Jational 
Science Foundation/RANN Grant #ERP 72·0394, 1978 
73John E, Prichep L, Ahn, H, et al. Neurometric evaluation of cognitive dysfunctions and 
neurological disorders in children. Progress in Neurobiology. London: Pergamon Press 
Ltd, 1983: 239-290 
74Kaye H, John E, Ahn, H, et a!. Neurometric evaluation of learning disabled children. J 
Neuroscience. 1981;13: 15-25 
72 
75Prichep L, John E, Ahn, H, et al. Neurometrics: Quantitative evaluation of brain" 
dysfunction in children. In: Rutter M. ed. Developmental Neuropsychiatry. London: 
Guilford, 1983 
;_ . .-.,··:. 
76Mat6usek M, Petersen l. Frequency analysis of the EEG in normal children arid 
adolescents. In: Kellaway P, Petersen I, eds. Automation of Clinical 
Electrol~ncephalography. New York: Raven Press, 1973 
• • I 
770uffy F, Denckla M, Bartels P, et al. Dyslexia: Regional differences in the brain 
electrical activty by topographic mapping. Annals of Neurology. 1980; 7(5) : 412-420 
78Duffy F, Denckla M, Bartels P, et ai.Dyslexia Automated diagnosis by computerized 
classifiction of brain electrical activity. Annals of Neurology. 1980; 7(5): 42 1-428 
79 Duffy F, McAnulty G. Brain electrical activity mapping(BEAM): The search for a 
physiological signature of dyslexia ln:Duffy F, Geschwind B, eds. Dyslexia: A 
neuroscientif ic approach to clinical evaluation. Boston: Little Brown and Co, 1985 
80Fiynn J, Deering W, Goldstein M, et. a!. , Electrophysiological correlates o( dyslexics 
subtypes. J Learning Disab iiities. 1992 Feb;25 (2): 133-141 
73 
